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A8STRACT
Part 1. Investigation of aerodynamic -drag Chara.'teriStiCa by measuremerits on futl-bcale

I beams iIWFG7) a" angle irons (SL56.9) were made at various pressure levels fromi Suhot
Chortckee. Drag and lift coefficients were obtaained although the flow was Wn normal io the beam..
Resolution of the flow was determined. Drag coefficienits for the I beams varied from 2.44 to 2.62
which was somewhat higher than steady-stat dafta. which is usually given at 2.03. The diag co-
effit tent for the angle iron var~,od from 2.11 to 2.61. whereas the stesoy-state valre was 11.03
The lift coefficient for ..&* angle iron varied from 3.26 to 3.73. and the steAdy-state value was
2.07.

Part 2. A description of an experiment for determining drag coefficients for spherical shaps
as a functimn of the dynamic pressure of the flow following blast wave fronts is given. Two sizes
of spherical shell 0) and 10 inch diameterl were used in conjunction with three-dimeasional, force-
sensing mechanisms. The Pensing mechanisms and calibration procedure art described. The
objectives were not achieved because of a serious error in the position of the detonation and be-
cause of some dubious behavior by the gages. Speculative, rather than authoritative, values of
peeit dr-4 coefficient are listed as deduced from the experiment. The results are briefly com-
pared with those for gages used io a similar pressure range on Operation Teapot.

Part 3. Investigation of the responseý of drag-type targets and continuation of the statisical
evaliation studies on military vehicles were made by the exposure of ý'4-ton trucks 000"'sl on
Shots Lacrosse, Zuni. and Yuma. Ground ranges were selected to give further data for predict-
irtg damagev to vehicle* under different blast conditic%@i than those previously tested. Analysis ol
the data indicated an appreciable redction is dama, radii for non-precursor conditions below
that for precursor conditions. There was further indication that dispiacemeteM like damage,
resulting from exposure to a blast wave of classical shape was significantly r educed as compared
to the displacement rece~ved from a 1, oarlassical or precursor wave.

Part 4. Air DlaM diffraction and SMa loading measurements were trade at a limited number
of positwos on a concrete cubicle during Shot Zuni. The target structure was 6 by 6 be 12 feet
and located in a pressure region of 23 psi with a duration of approximately 2 to 5 seconds. The
objective was achieved, is that seae#sful records were obtained on representative locations on
the various faces of the structure, but since the observed wave aws non-ideal In character, It
was not possibe to corrslaes the actual loading with that predicted frv~m a scaled shock tube
Model.

For comparison, the actual field records and predicted records are both prf sented is the
body of the report. Although the free-stream record was only slightly rounded, the reflected
pressure over tow (raft of the structure remained high and did not decay us predicted.

Pae. S. Klectronic recording isetrumentaton awa provided for provided for Project 1.1 on
Shot: Cberokee and Zuni and recording and structure Instrumentation for structural respoase
Projert 3.1 on Shot Ctitookov. A multi-chasms' miagnetic tape recording systeps was utillied to

mec@.4 100 data cLoasls. The objective wsas sot fully Wainfield ona MW Cherokee becausie of the
misorintalosof ground toer, even thoughi MoW o1 the iftstrumostat ion funts toned sat isfatorily.

This mins-orientaion adversely affected the data records obtained from the unidirectional elec-
tronic pitat-statlc q and *othr gages. The objective wa satislactorlly met on Shot Zust.

A descriptioo of the minsrmentatio and recording system wre presented in the body of the
report. A commentar on the records obtained is also givens.
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/OREWOR0

TIN report presents the final results c one 31 the projects Participtlq in the milliuy-effect
programs of Operatnta Redlung. Owerali informatlion abwo this nd the other mti'liry-effect
projects can be obtalned from WT- 1344, the "bmnry Report of the comm der, Task Unit
3. T"Is technical msmmary includes: (1) tables Rlating each detnoiol vwb its yield, type.
sevtrouine e, aeo-rolaglc conditiom, etc.; (2) mase showin seht location; (S) discussions
of re"ls by progra;mG; (4) summaries of objectiles, procedures, rosels etc., for all projects;
and (5) a Iulag A project ,Ports for the miUlary-effect program.
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PREFACE
Since this project was one which consisted of several phases. although interrelated, it was crn-
asiderrd too lengthy for the usual organization. Each phase was treated as .eing completely
separate and tat report is divided into parts with each part organized " a report in itself. Ac-
cordingly the body of the report was composed " follows:

Part 1 Structural Members;
Part 2 Spherical Gages;
Part 3 Military Vehicles;
Part 4 Cubicle Structure; and
Part S Electronic Instrumentatioe.

The authors would like to thank the many people who contributed to this report. Appreciation
to expressed to Dr. Z. E. Minor for his advice and guidance. The cooperatios of all Task Group
and Task Und: 3 personnel to gratefully ackowlssd.

Special acknowledgement and appro calion is eidended to: (1) J. I. Messaros for his work a
coordinator of the Ballistic Research Laboratories' projects; (2) UA M. R. Johnston and LU
A. L. Holiday, for their excellent work in instrument design and development, the authors are
expecially grateful. (3) Martha 3. Alluson for her work in typing and assembling of the finad
report; and (4) U H. W. Wagenblast for his research in the shock tube ea spherical gages.

The contributing authors are thanked for their cooperation and competent participatios is the
compiling of this report: PArt 3, R. W. McNeil, ft. C. WUSe and N. H. Ethridge; Part (, J. H.
Keefer and C. N. Kiagery; Part 5, I. 0. Schwata and G. L. Roark.

SECRET



CONTENTS
A BSTRACT ------------ ........................................ 4

FOREW#') OD ----------------------------------------------------- 5

PREFACE ------------------------------------------------------- 6

PART I STRUCTURAL MEMBERS .................................... 11

Objective -------------------------------------------------- 11
Background and Therry ----------------------------------------. 11
Operatons ................................................... 12
Instrumentation ................................................ 12

Tom Members ----------------------------------------------- 12
Tes Member Mounts .......................................... 12
Sensors ...................................................... 13
Cahlbratton Pro: --ua.. .......................................... 16

Required Data ................................................. IS
Results han Discusson. ........................................... 1?
Conclusions. ................................................... 1I
Recommendations l ............................................... 0

PART 2 SPHERICAL GAGE -........................................ 21

O)jectives ..................... .............................. 1
Background and Theor. -...........................................2

rations ................................................... 22
Instrumnetaot ............................................... 22

Dr Gs, --................................................. 2
MWunts .................................................... 26
C1albrtion -................................................. 26

Required Daa ................................... ....... 2 6
Results and Discusso ........................................... 2
Concluslos ................................................... 40
Recommendlns .............................................. 40

O'ART 3 MWITART VEHICL . -...................................... 41

Obhect!.w ............................... ..... ........ 41
ackgpowuad and Theory ........................................... 41

operaioWs ................................. 41
InstrumenltC. .-..-..-..-............. ....................... 41
Results and Diacu-g-oe............................ ... . ........ 4.5
ComWarluon With TM 23.2-00........................................ 4S
Coro loa .t Daum"s bitt ver-us Yield ............................ SO
Dynmica Pressure Effects on Draiage ................................. ST
tIfffre~c is 0900 RAiM for Clas:, l Wnd NonclassleCI Diasi Waves .......... S5
Discusslm of am Yum DTuns D&at ............ ............ ..... So
Displacement cd Y#-Tbe Trucks ..................................... 61

eommndmt iS ..... C........T...................
I

SECRET



PART 4 CVBICLr TRUCTURE .................................... 64

Otject 'ves ------------------------------------------------ -644
'3acaground . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -- ---64
Theory-Load inr Predictio'w ...................................... 64

Scaled Model Method ------------------------------------ ------ 64
Free-Stream Pressure Versus Time ......................... ----- 64
Time Scaling ---------------------------------------------- 65

Preasure Scaling ............................................ 6-
Presentation of Predicted Records -............................... 67

-------------------------- 67
I.,%trun, entation ............................................... 67

F" ee-Field Measurement j ...................................... 67
Types of Gag.es. Mounts, and Calibration ............................ 67

Data Required - ------------------------------------------------- 7
Results ----------------------------------------------------- 73

Front Face Measurements ...................................... 73
Top Face Measurements .-.-..---................................... 73
Back Face Measurements ...................................... -74
Side Face and Free-Stream Measurements .--------------------------- 74

DISC'VSION ------------------- ----------------------------------- 74
Field Records ---------------------------------------------- 74
Shock Tube Records ............................................ 74
Comnpartsor of Predicted and Measured Rec.rd- ....................... -76

Conclusions and Recommendations .................................... -6

PART 5 ELECTRONIC INSTRVMENTATION ---------------------------- 79

Objectwes- ................................................... 79
Backeround and Theory ------------------------------------------- 73
Operatiaons .................................................. 79
Instrumentation - ------------------------------------------------ 7
Results ..................................................... 82
Discussion .-------------------------------------------------- 4
Conclusions "nd Recommindaglt-o .......---.......................... 84

REFERENCES .................................................. 85

APPENDIX A INSTRUMENTATION SUMMARY ........................... ---

A.I Stations and Instrumentation ................................... n--
A.2 Station L.ocatons ........................................... as
A.3 Field Layout .............................................. do

APPENDIX B CATEGORIES OF VEHICLE DAMAGE ---------------------- 93

APPE.NDIX C TEST ORGAN'IZATION --------------------------------- 94

TABLES

I Test Member adlstc-- -..... --...........---------.. .-------- 13
2 Sensor Statistics ................................. .-13

3 Final Drag Data .....................-....................... 1-
4 Comparson91 of Steady-State Drag sud Lift Coefficients with

Time Obtained on Operaliot Redwing ........................... 19
S Cal.bratioo Points for 3-Inch ind 10-Ich Spheres ...................... 39
6 Most Prcbabe Peak Drag Coafflent yalues --------------------------- 30

SECRET



7 Damage Evaluation of Trucks. 1/4-Ton. 4 by 4, Utility, Moae!
MB (WWU), Shot LaCrosse ---------------------------------- 46

8 Damage Evaluation of Trucks, 1/4-Ton, 4 by 4, Ut|lity, Model
MB (WWIA), Shot Zuni ------------------------------------- 47

9 Damage Evaluation of Trucks, "'4-Ton, 4 by 4, Utility, Model
MB (WWU), Shot vuma -.---------------------------------- 48

10 Dynamic Pressure Compdred w*,th Damage -------------------------- 58
11 Values of Predicted Free Stream P'ressuee-Time Curve ----------------- 68
12 Structure Gage Locations -------------------------------------- 68
13 Key to Symbols Used ----------------------------------------- 82
14 Summary of Instrumentation Results ------------------------------- 83
A.1 Station and Irstrumentation Summary ----------------------------- 89
A.2 Mtation Locations for Shot Cherokee ------------------------------ 89
A.3 Station Locations fnr Shot Lacrosse ------------------------------ 90
A.4 Station Locations for Shot Yuma --------------------------------- 90
A.5 Station Locations for Shot Zuni --------------------------------- 90

FIGURES

I Typical structural member station --------------------------------- 14
2 Sensor assembly for structural members ---------------------------- 14
3 I-beam sensors, with strain gages attached --------------------------- 15
4 Angle-iron sensors, with strain gages attached ------------------------ 15
5 Typical calibration curve for the I beam ----------------------------- 16
6 Typical calibration curve for the angle iron --------------------------- 16
" Drag force versus time for Sites Able, Man-Made Island 2,

and Dog, net drag force sensed by I beam ------------------------ 17
8 Typical logarithmic plot of drag coefficient (CD) versus

Reynolds number (R) for mpheres ----------------------------- 22
9 Three-inch spherical drag gage ------------------------------------ 23
10 Detail of link mounting and orientation for S-inch sphere ----------------- 24
11 Detail of link sensiog mechanism; 10-inch drag ag with

rear half of shell removed -------------------.-------------- 24
12 Schematic diaphragm, drag gage suspended on three pairs

of precompressed links ------------------------------------ 25
13 Sche.natic drawing, drag gage showing displacement of the

links along the X and Y or X and Z axis -------------------------- 25
14 3-inch-drag gage sensing link ----------------------------------- 26
IS Typical spherical drag gage station ------------------------------- 27
16 3-inch drag-gage calibrator in position for field calibration

of vertlical-ge €mponent ---------------------------------- 27
17 Detail of positioned 3-inch drag-gage calibrator ----------------------- 28
18 Drag pressure versus time from 10-inch drag gage on Site Able ------------ 32
19 Drag oressure versus time from 3-inch spherical drag gage

No. I on Site Able ---------------------------------------- 33
20 Drag pressure versus time from 3-inch spherical drag gage

No. 2 on Site Able ---------------------------------------- 34
21 Drag pressure versus time for 10-inch spherical drag gage

on Site Dog ............................................. 35
22 Drag pressure versus time from 3-inch spherical drag gage

No. 3 on Site Dog ---------------------------------------- 36
23 Drag pressure versus time from 3-inch spherical drag gag

No. 4 on Site Dog .-------------------------------------- 3?
24 Log CD versus Q for drag gages on Site Able -------------------------- 3

S

SECRET



$5 Lie CD vers's 4 Ior dratg Itages on Site Dog ......................... 31
26 L.xarithmit plot of draft coefficient versus dynamic pressure

I : 4.5 psi side-tin pressure re-gion ............................ 30

27 Growt c.nditi,•ns Wietore Sh&4 Lacrosse ............................ 42
.. 4 't-h'iles to place t•efor ShA Lacrosse ............................ 4.

') it'ize'n placr i ,'viori Shot Zuni -. -4

30 ichcipl•t, in place tvfore Shot Yuma ............................... - 49
31 Vt"a, "it' ,daAens obtain:ed on Sn.,t Lacroiv e .........................- 49
32 \ .hit li dan;A+,j Altained on Shot Zuni .- -- I

33 chit, Ih daniabac Aitaaned on Shot ZLni- ............................. 52
34 V hit lI da nm;e ,t'iaint-d o'n Shut Zuni .- ---
s13 crhitl: I dan1age ( maaned on SotA Yuma ............................. 54
36 Hv'i*.'t'-,-t-,rM &+* rt tor damage to military vreicles tTM 23-2001 ... ...... 55

37 Gro ,J rai6rv %ersus veld for various, damage levels for EPpU
surfat t s'lts and .TS shots of lof scaled height (of .urst .- - - -

3d Peak 1y.... pressure verus scal!ed ground range W j) . ............... 57

39 DL~rre Af damagre for 1-t.1n trucil vers us scaled ground range

, I W' *1 for LIIG surface shotl and NTS shots of low scaled
hvjhtsPl A, turxt . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... 59

40 6round rawe %erstis vield for variotis slamae levels for EPG

ther Shot Yur.%a as compared with NTS t.o'#er shot and EPG
sa rface shot data ............................................. 60

41 Gro-.,tud rasve vet sus ykeld for various displacemetA levels for

U.PC surface sah4s and NTS shots of low scaled height of burst ..........- -61

42 Pasplacemient tif ',-ton trucks versus scaled grou- d range

it W-41 k'r 1PG shots....- -..................................... 62

43 Displacement of 4 -Ion truc(is versus scales Igro. range
i V 4 61 for NTS .t .... --..................................... 62

44 Frons.auartir view (if structure and gagell at1 Si ;11 ..................... 0;

45 B -ckiquart.,r %ire of structure an gages at tatio- 1:1 ....................... 66

46 Cml..arison pressure-time curve. theorel..al. meant red side
pro0sure, electronic and sel-recording lia.S.. ...................... --

47 Pr:,'sur. -Iinir lbiding predict ion curves, Positions 24, 27, 24 .............- -69
48 Prrssure-ioir '.,Adlngq prediction curves. Position IS, 9. 1. ................. 70

49 Pres sure ..laa iadmr.i prediction curves. Positions $0. 40. 34 ............. .. 71

S0 Pre@@ Are-tiner loading prediction curves. Position 44 ....................... 72
51 F r" - oeldprvessure gage layout. - - - --.................................. 72

$2 .4atiof tit pressure gage posati . ..................................... 72

1 Nfruct.oa+ tro-, face records. oe S ?, 21 o 2 2 2-........................... 73
5- Slructure top face records. Posiltkw IS 13. I. ............................ s

5% Aructure eck fIace and side loce records. Poitions 0. '11. 41 ............- -75
4 Dy'namic and stow-on records Ifrom Stations 15.01 ........................... 6

5" Gr(rond ijstle and dynamic preoA-4rare ords. Elatwi INO4.02 ............... 77

S1 Locationosl accelerometer and deflection gages ....................... so0

59 Locations 4 •train gages and brd ................................... 30
W Tim-.I-obroak gage .................................................

A I Blast ine , lay-4A for Vot Cher.itee. strwctural mewmbers and
sphere* ...................................................... 92

A 2 Blast line layout for mud Lacrosse. m.litary vehiciat ...................... .

A 3 vast line laytA for Shut Yuman. miliary vehicles ........................ 92

A 4 Slan! line layout for Shot Zuni. rmilltary vehicles and cubicle
arfet strocture ................................................ 92

10

SICRiT



SECRET

TRANSIENT mmA £040if of ACTUAL id, /oEAl/zEo
SHAPCS from HIGH -rYIE0O DEONATIONS

PuI /
SMUWCTURAL MEM3ERS

OBJ ECTIV E

The objective of this part of Proje'ct 1 5 was the investigation U the atrodyn-.aic drag char-
acte-ota~s of full scale structural wemormrs when exposed to transient loading conditions result-
i-S f-om a highi yield nuclear device. Fo~ur wide-f lanige I beams (IWFG7) and four atnlet irons

,Yý 9) war* exposed on Shot Cherokee in order to determine tow bWast loading "n hence. t heir
coefficients of drag and, in the case of the antlet iron, coefficients of lift.

BACKGROU'ND AND THEORY

The drag forces acting on a body enveloped in a transient-flow field. such as those frvm a
passage of a blast wov* through a medium at root, have been the subject of considerable interest
in the past. A review of the problems artaiga from a study of draff in a transient (as oppose" to
a steady *We)d field has been made by the American Mlachine and Foundry Company Reference
1). An important supplement was published by Sandta Corporation (kefereace 21. A careful re-
view of the available literature, in particular References I and 2, indicated that for blast-wave.
prilduced transiont-flos fwilds, the drag coefficients, Cd, obtained for r N 10 would be equiva-
I"t to the steady-state drag coefficients f'-r lilke Reynolds numbers &Ad media:

r -~f U/.2h

%Whn. T a Dimensinless qwantity used for comparison of shock front tratel over one
otAstcle to Iat of anwother.

-* Shock wave velocity.

t - Time.

ht e Characteristic flow length dimension of the object.

I -niay be ooted that for blast waves of interval, those for wkich U - 3.000 Wows~ vid h a I
Itiol, the tame condition will require that for t -> 5-meet, Cd will be tha for a similar poued..
steady-stae coftdiom.

Based oa the above assumption. beam sensors for the test were designed for forces found by
-Aing steady-stat drag coefficasws ;Referene 3) for dynamic pressures corresponding to those
that were to be expected in the fiaed. This basic assumption was confirmed. withir. experimental
ace aracy, by shock-tube experisment at BIRL on small cantilevered hoa"s mnuued parallel to
the wae" front to the tube.

Nesponse of simple usadorm beams, subjected to various loadiag sand end coaduloass has
tieem widely investigated Rfeferences 4 throuigh 17). Fcteors brougt u ain such reference
suggested the advisability of a simply-oupported boom set up for the field teot to factlitatke theo-
retacal analysis and data reduction.
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After deciding to use a simply -s.4'ported beam as the test instrumeod. the main problemi was
.n s, hosing the vo!rect comb'inatio'n ! tieam. sup1ports, and mount. .The iearn wsa toube pro-
tented Parallel to the Sht X ft .nt Art1 "s connected to its mount by a pair of support@. The

*eporsare instrumen~ted vivth oistra. gages. The basic theory of the ineAsuremevnts was that
tvir reatitons nieaswred a-uld ber a igo.d representation (if the load if the period of vibration of
the t'eam was Much si~arter than the durativos of the sisn~ic.ang details of the load. The design
,t Itve t omi tiv A.s f team. s.4vjkg ri. and n~ount &aa go'ernrd by this theotry. The final test
ariatons si. irt ed avrv PlA1".7 for the aide-fUngled beam avid 6 $6.0 for the anglle iron.

A ,.pct I the Otrial Ilunt desiign ised in the field tests was ernplace-1 in a firing &IVA At
4, r."i'ig tfround and a AljeatedJ to three high-explosave-pri~duced blast wavies. No draig

dat a ere ott~ariat~le since the blast wave; vrod.Acrd were of short duration. tiut the test system
tiort ap uell and indicated reasonable response characteristics for the test mountinv systera.
j. e._ 1he It~namentak period vivs short co npared to the dra.raion of the load.

F 'r determining drag and lift covific tents, the following equat~ons weri, used.
snor v

~A ifrr F Net force ton tetam

A Froontal area of bveam

Q Dynamic pressure treir stream;

S atsc ripts tif F art h anid VL Fh indicates the net force horizonital to the ground plane and to
u~sed ito compute drag coefficients. F. indicates the net force perpendicular to the ground plane
and is used to ( omput lIdt coefficients. The angle irons were oriented so that negative lift
would De experienced.

The significance (if drag characteristics cf structural members becomes evident when one
considers the many structural complexes which are simply various configurations of structural
members jo~ned to form tr~sses and Lattice-type networks. Althcvu%ýh the drag characteristics
&ill tbe altered when the members are joined. muchi will be gained by first examining simple
61trictural warns.

orErAtIONS

Stat ions consistingf of an ,beam and an Sn41ip irun were placed on Sites Able, Man-Made
Island 1. Man-Made Island 2. and Site Dug for exposure to Shot Cherokee (Table A.2).

A creii of four men installod the beamse and made the necessary hookure to the recording
-q~tpniont A calibration crew ~ollowed. makinvt final c3ic.Alations of expected pressures an4
apn~ropriate calibration iaiuve. Final checks were made just before shot day to insure proper
cperat a.fl of instrumients

Shields were inirtalled over the sensing elements to prutect them from adverse atmoopheric
and thermal exposures.

INSTRI4MKNTATION

Test Members. The test members were full scale structural members. There were two
type* ised, %ki@eflsnge I twarns and angle irons. Disc ript ions of theme members can be found
in Ta~ie 1. Sensor of itistics are listed in Table 2.

Test Menlber Mounts. The mourds consisted of two vertical 12WF54S beam& embedded in
v:onc rote and set on 160-toot centers for t he I beam ond on 6-foot cenlee,% for the anrgle iron; the
centerline of each tost member was 3 fee above ground. A horisonta section was welded to the
vertical section and a gusset plot* added at the joint for structural rigidity. A support kinee
bract was also used to provide additional strength. The web of the end port Ion of the horizontal
section was removed and a buit plate welded against the cut section of the web for Instruments-

12
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tion rmounting. "tr the "1gl ato a mou'it t.e top flange, as well as the web. was removed from
the horilontal stectiofl. Where the depth of the coral "n &and was insufficient to provide adeqiuate
miurt -to-soil coupling. WIF tearns were driven 4,~to the coral and used as piling. Figure 1 shown
typical structural n.emLt'r mount&.

Sarnact a. The total drag and lift forces exerted ipon the struiaciral members were measured
ivy ivran* of strain-sensing elements which were applied to the sensors. These sensors Vero

TPli I TIST %IHNIPII STTINTlCS

k ar fi. - Steel

attached, at each end of the test members, to the mount. Ball-and-socket joint$ at each end of
the sensors were provided in order to give as closely as possible an approhimation to the idea!
panned end :or simply s'Jpported beams t Figure '& .

The totail force felt by the beam was translated to the mount thr .nig the sensors. The poaes
used iv ai.t~eument the sensors were Baldwin SR-4 strain gages. Type, CS-It. These were 350-
ohm bsakelite Cages. Two co.mplete four-arm bridges were mounted on eo'ch sensor used with
the I beam (Figuirv 3). In each bridge, two gages in opposite arms of the bra.4te and on rcpposite,

sides of the sensor were mounted %ilih the sensing elements runnarig psrallot to the aiidirec-
tion. The two remaining gages were n. lunted perpendicular to this directiton on the rems.,nang
sides. With this symmetrical placement of the gages, when the sensor was loaded, the bridge
had a bridge factor of approuimately 2.6 (2.6 active arms). With these connections, any bending

TABLE 2 SENSOR STATISTICS

Station L.wation I Ifectiac U ngth % iukh Breadih Matra ial

inchve ;nchvs inches

VA IF Able 3 1.375 1.37! Dural
Main-Maide Island No. 1 3 0. A 30 0.430 Dursl
Man-Made lslardJ No. 2 3 0.5041 t 0 3 7 3 ural
Dog I 0O.%o 0.13C Dulal

r Ablat 1 1 301) 1.300 Dural
Nsan-Made Island No. 1 1 0.420 0.6010 Liaral
Man-Made Island No. 2 1 0.50)0 6.500 Doria

Do I0.500 0.120 Dualrs

moment canceleJ itself. by using the ball-and-socket joints o. seech end ol the senalors, torsion
was considered to be negligible.

Because of the short length of the sensors used on the angie-ire. mounts, only I four-arm
bridge could be movnted on esch sensor (Figure 4). Exceptions were the asoenors usted on the
"angl tron at Station 153.04. OnLy two active gages were awuntd,, thes on opposite eod. and
opposite arms. Tb.o bridge was ,.ompleted with two dummy gages.

The material and dimension od the sensors were chosen tats provide for: the "Mmautm expected
stresses transmitted by the tost beams, Sufficient unit strain for recording Poorposes, and a
frequency roughly 10 times that of the beam fundamental f requency. Sessor statistics :4'r given
ini Table 2.

13
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iagUre I Typical structural member station.

Firar. Z S~r "otmbly for mirutural memrs.

14
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Ftifurc 3 Il-eam sensors, with strain gages attached.

Figuare 4 AnglIe-iron senmors, with strain gages atached.
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Calibration Procedure. The structural members after having been mounted and rompletely
cheesed for curcuit continuity, were calibrated in the following manner.

Knowing the intended location and (he limits of the yield ot the device. the maxaimum expected
Jynamic pressurw a,%d hence the force on each beam was computed. Calibration points were
taken in 20-percent increments uip to 100 percent of the e'qwcted force. For insisrarece against
a h-4iher yield. one final calibration point was taken a* 150 percent of the expected force.

Calibratton of the I beam was a straight -forward procedure. A frame was placed over the
test member anid using th, frame* as a stupport, a hydraulic jack was inserted between fram* and
beami end. With a D-.iion force gage indicating the act-Aal force on the senaor. t-e jack was utI-
kited to oiAain the force necessary. This force was recorded as a signal output from the strain
Ur ickie mcunt ed on I he seni or.

In calibrating the angle iron, lift and drag were both considered. The saute calie-ration pro-
cedure and equipment which were used on the I beam were used on ife horizontal component of
the angle iron. The same procedure but a different frame configuaration wag used to cali_. -60

the % .rtical component of the angle iron.
Typical calibrat ion curves for the I beam and angle irvn are sluwn in Figures 5 and 6. This

infonrmution is presented as a plot of recording galvanometer deflection versus applied load. The

o

in Ul LMno

F~ur 3Tyicl albatoncuveFtur 6Tpialcaibatoncuv
fo h em o h nl rngavnoee i civtdbyte lcria SWfo tesrangaewhc s rpVinl

En igurte werepical calibratioachurve Fiuh e to6emes TWp gal calibproiation curv a
fwordihensioa beam. fni h lwewdyw or theanglw i e iron ece.n h ed

oflthnometbers. aciva tedI byteaemectricate normal from the str.ainy tore*,whc penics proortiona

to 4wth n a tpled load. lfoce

Thes forcesar data recuirded wer nhe force magersic time recodr dinsofechibed nIam.Sinces a
andply s~Thed baea was dhesrlaed, cuardte sga was eprcisedt onal osuchasogrtis paper field.
fondo ate derlecmuted ora er ach rpeentd ifothe) tet ember thime aean.poamtono

Su-incenston beam* wo idundathedflo shtron yaw, ~ino loadeing posld be e mereandedlton)teed

Thore forevaent Bearse r f orded imilthe tyRtomgneticn etape recoidercesribedin o eferene ga"oo

at SRL, data reduction was haded by the &same means as used for theme gages.

Is
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If the output ut the oscillating gage is recordeJ linearly, an envelope of the cacillation can be
constructed iyy juaming each miaximum peak -. tr the succeeding one. Likewise. thte minimum
peaks can be joined. An average ni this' cnve'ope will be the corr-et displacement or forca.
However, the recorder used was non -linear. TIhis dictated it linearization of the trace bt-fore
the envelope could ue drawn.

The linearization and averaging were done simultanecusly by the high-speed digital computer,
thie ORDVAC. at BRL. A complete and detailed treatment of this type reduction can be found in
Appendix B. ikeferetice 2k,..

The inly data required fron~ other projects were the basic blast measurements from Project
i."'.

RESULTS AND DISCUSSION

The deviation between actual ground zero and Intended ground zer-o resulted in an unexpected
flow larection and unexpected overpressures. However. all instrumentation functioned; though

Irell~ e111WC.

I~a some

otw (a 0 ISGO

rigure r Drag force versus time for Sites Able, Man-Made Island 2. alid Dog.

some of it not adomqualeilv. Swnce simple supports were used, If one support failed to give an
adequate or reliable signalt, the other support reading could be extended and used as a basis for
atotal reading. Fiarthermore. in the case of the I beam, there ivere two bridges ppr sensor

which made it possible to "asss the accuracy of the reading.
On Site Able, drag forces.vr bandfrteIba n ohda n lIltfocswr

ottained for the ang~. iron. On Man-Made Island 1, drag and lift were boh obtained for thes
angle iron. The I team instruamentation on Man-Made Island 1 did not function properly in that
twi, channels had abnormal shifts and the other two chatinels were low amplitude firth a high
noise-to-signal ratio. On Man-Made bslan 1. drag forces on both beams were obtained. On
Sit* Dog. drag forcre were obtained for the :beam only. The Instrumental ion on the angle iron
at Site Dog, because It mae not shielded -a the correct diretoWn for iiiiermaI radiation, failed
to funcltion properly. The signal1 drifted out of the calibrated rnfte.

The meafured pesa drag and lift forces i es@ac *laaoa are listed is Table 3. vmguare 7 shown
the drad force versus time recordings obtained from the I beam statirmw on Site Able, Man-

it
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Made lslaid 2. and Site Dog. The recording from Man-Made IsLand 2 sh•ws a pronounced ef-
fect of the reflected pressure from the Project 3.1 structure directly behind the test beams.
The design of the Angle-iron supports was such that once the beam was ioaded, it did not show
a typical recovery from the tratiient dvamim loading. Therefore, only peak force loadings
were judgrd to be reliasle. and no force-time histories were considered warranted.

The decree of reliability of the drag and lift coefficients .bta.ned depended maialy on the
correct resolution of t1.e dynamic pressure experienced by the test members. Since an angle
of deviatitn of N.cw occurred at each station. the full impact of the free stream pressure was
not felt tiy the test members. Because the test members could only sense forces in the same
direction as tree sensors, only that part of the flow which was normal to the beams was cons,•!-
ered.

Dyy am.c pressare (Q) was defined a:

Q • '/2 0• v ( 1.3)

Where: Q - Measured tree stream dynamic pressure

, Density of air

v • Particle velocity behind the blast wave.

Q. being a pressure, is tierefore a scalar and cannot be resolved into components, whereas
;.article velocity ts a .ector and can be resolved. The particle velocity normal to the beam i
t',e rrodu'ct of particle velocity, and the cosine of the angle of yaw. Substituting this value ii
the above equation, the equation becomes:

Q" (/ ,v coo 0)'

i•)v,') coot t

or - Qcost 0 (1.4)

Where:; Q Corrected dynamic pressure.

Q : Measured free stream dynamic pressure.

0 * Angle of yaw.

This method &%s used in determining t*e drag and lift coefficletit in Table 3. A sample cal-
culation of a drag coefficient is as follows:

I beam Yaw angle - 12 deg
Site Able Frontal area - 1.02Z snuare inches

Peak drag force - 1,1u0 pounds
Computed Q- 0.40 peot

F pr
Cd4  or W-AcosT7

1100
0.4 %152ti O|T.S't

Cd •.b

CONCLUL'SIONS
The knotrunente dpolgned for moseouring drag koadiag on structural members on Sbo4 Coero-

6 kee, although primarly unidirectional, respwiois weel. Three of the four I beam gage' gave
usable recordings. (Vesoderung the sagle irona, W ee of the four Maee gave usabe d-,g doa
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and two of the four gages gave usable lift data. Only the peak forces were read irow the angle-
iron recordings since they experiencd signal shifts when loaded.

Steady-state drag and lift coefficients compare with those obtained on Operation Redwing am
shown in Table 4.

Tr-..a dy.tanuc coefLicient- ahown in Table 4 were obtained for beams at various angles of yaw

by applyuig the correction t. t-lod outlined in Equation 1.4. Since these values should closely

approxi-rate values which would hive been obtained had the flow been normal to the beams, it
is apparent that the method may be app:ied to predict the Inading on angle beam, and I beams at
angular ortentationq to flow.

RECOMMENDATIONS

Although there to a paucity of data, the author makes the following recommendations:
1. In Any further investigation of drag loading on structu-al members, participation shold

be onaly on ground bursts or tower detonations. This would aiusure flow normal to the members.

2. U, however. an angle of yaw as experienced on a unidirectional drag target, the meas-
ured free stream dynamic pressure should be corrected by the square of the cosine of the yaw
angie before drag coefficlents are computed.

3 Modidicatione should be made on the angle-iron instrumentation to prevent the signal

shdts. Since horizontal and vertical forces are required, twr angle stations should be instru-
rented. One station should measure the horizontal force ohile restricting the vertical force

the other should measure the vertical force while restricting the horizontal force.
The I-beam instrumeration. as a whole, functioned adequately. Slight moddications of the

sensor bearings, in order to facilitate installation, would be worthwhile.
4. U operationally feasible, further experimentation should be undertaken in orde.- to supple-

meat aind verily the existing data under more ideal input conditions.
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Purt 2
SPHERICAL GAGES

OBJECTIVES

The objective of Part 2 of Poject 1.5 was the study of the formation and nature of the drag
forces exerted on spheres in the transient flow fields foliowi,'k, !ong-duration, classical blast
wares. !n accordance with this objective, it was desirable to compare the results obtained on
the Operation Teapot spnere tests (Reference 20) with those achieved here in an attempt to de-
termine the effects of wave duration and dust loading. Also, it was of interest to test for seal-
ing, between two sizes of spheres, based on Reyno!'s number.

BACKGROUND AND THEORY

TI.e need for drag studies has arisen as the 4" ition of blast w'ves has increased. Tie aero-
dynamic drag forces produced by the flow follot.^ a blast front assume increasing ,mportac;ce
in causing damage to many targets (see, for example, Part 3 of this report) as the tima. interval
over which they are exerted increases. Test shots in Nevada producing shock waves whose
parameters were not apparently amenable to prediction by the Rankine- Iisgontot relations pointed
up the teed for direct measurements of drag farces. Such loading measurements would have to
provide data which would allow theoretical or empirical predictions of damage from a giv-n
atomic detonaLon.

Accordingly, on Operation Teapot, two project groups were organized, one by the Naval
Ordnance Laboratory (NOL) and one by the Ballistic Research Laboratories (BRL) and their
purpose was to investigate methods for making the direct measurements required. Both groups
chose to use simple geometrical shapes. BRL interest was restricted to spheres of 3-inch and
10-inch diameter, while NOL used, in addition to spheres of these two sizes, rectangular boxes
and two-dimensional cylinders (Reference 23). The qages were arrayed on three blast lines
whose surfaces were treated to give respectively, clean-air, classical blast waves; cleati-air
precursor blast waves; and dust-laden precursor blast waves. The effects measured in the
clean-air. classical waves were to be usc 0 both as a standard for comparing the results from
the othr wavy types as well as a bast& for comparison between the drag characteristics of a
sphere determined in steady-state wind-tunnel work with those found in the transient flow fields
accompanying blast wraves.

Because of unforseen loading of the cleai-air shock waves and interaction between the waves
on adjoining lines, need for further work with truly clean-air waves was indicated.

Consequently, participation on Operation Redwing at the EPO was planned, for there t was
felt ,:ean-air waves could be expected. ',fL participation was planned for a multi-megaton
shot giving long blast-wave durations (Reference 22), while NOL participation was planned for
a multi-kiloton shot having durations more nearly comparable to those for the Operation Teapot
MET shot. Thus, it was hoped that an inaication of the effects of decay rates mit also be
shown.

The study of the formation and nature of drag forces on spheres in a transient flow field can
be made most effectively by comparing the W.1t taken under transient conditions with data from
steady flow wind tunnels. To make such a comparison, one must simply present the two sets
of data in coups:ibls form.

It is usual to present drag data in a non-dimensional form to aslow scaling between objects
placed in flow fields of vartous characteristics. For low velocity flow (less than Mach 0.5) the

21
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mtest ;t-eral form to a plut of the logarithm of drag coefficient. CD. versus the logarithm of
Reynolds number. P Reference 21)

Ahrre d %A ch~iracteristic dimension of tMe obje~t ithe sphere diameter ais used,

-The Jensity ot *tie medium

SThe ve'locity of the miediLum

The viscosity of ithe medium

Since no uzage to measire the viscosity of air has been developed for nuclear field tests. Hey.
niAds iiamber for these tests canniot be directly determined. Instead. as on Operation Teapot.
the use of dynamic pressure. Q. instead of Reynolds num~ber was decided upon. Ther resulting
presentation as similar to the usual one and. %hen its linmttat-uns are considered. a number of
inferences may be drawn~ from the comparison uf the two RtiRefence 20). Figure 6 shows a

100

Figure 6 Typical logarithmic plot of drag coeffierent
(CDI vrrsus Reync.ids number (R) for spheres.

plot of log CD versus log R taken from wind tunnel datt while Figure 26 shows a plo of log CD
versus log Q taxen from Opiration Teapot data. It is apparent ftom its ilope and Irosition that
the Operatio Teapot curve is restricted to a plot of CD values occurring at flows having Rey-
nolds numbers lets than critical. (The critical Reynolds number is usually defined as corre-
asmilindirig to a drag coeff~cient of 0.3 in the rapidly changing portion of ti,. c irve.)

Also. by plottingf curves of lug CD versus log Q for various time segments. changes in the
relatiion between the two variables during various stages of the blast wave may be illuminated.

Finally, the log CD versus log %t presentation is useful in investigating the scaling relation
between two spheres of different mstes at the same station. Since the Reynolds namber depends
on the object awe*. w%69i the dynamic pressure dries not, for a given Q. Reynolds 'umber will
vary i'. proportion to toe sizes of the objects. Hience, at a given station the 3-inich ophere ex-
periences a flow having a Reynolds .aumber ~/Wa of the Reynolds number for a 10-inch spoere.
A ploit of log CD versus log Q for a 3-inch gagte would then be translated along the log Q aisi
rtLata'e to a similar plot for a 10-inch gage, if Reynolds number scaling io applied.
UP RATIONS

Two drag gags- stations were constructed, one on Site Able and ane on Site On~g for exposure
to Shot Cherokee. PA each station, one 10-inch diameter Sage and two 3-inch diametter gag.
were mounted. Upon completion of the necessary hookups to the recording equipment, the gage*
*ere Platically calibrated over the range of forces predicted am the Masis of their Positions.

LetS RUMSPITATION

Drag CAI*. The gaee was rseerdlinlly a spherical shell coupled to a rigid support sling by
a 3 dimonskonal sensing element (Figure 9). The sening element mes a sensitive, compact
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61.it made 6.) A1 % Ot Aluminum IruiS d '~in a Place lcwtuen the stinig and a center ring (Figres
1%) and 11, v' der A , .rnprce~k4e fo'rce iargrr th.An any it) tie nproissed upon the egaie Ivy extfrn~al
retctts. I he AriCýiL resulted in a gAge hAving a high nutural fre~juency. a slippage-free ctiajn.
&ai ýVirrenlt A ae * I twtang 1A~mfld.

In ?-e At -ri-st lo'siti-n all lvimsav-wre equally stressed. but ishen an externAl torce ioas a&implied
to' the g~age, the %ttess in at me knas was increased a'md that in others was dccrcaleeo. b~rain
I;A,ýr rniour'ted -n the lanai Sensed the~rn & hanies and i (verted Ihemn to recordaille electric
signals. The gageC AsM %-nnru ted with four lanai patallel to the axial direction tazia of the
sta'.g' two paAti~el to the verti' &I. and two paralleli t- the trans~verse.

Fqzgre 12 is A Sk hen-Ataa- diagram Of A draiz 1age 4uspetidrd -'n three pairs of prrcompressed
Iiaus anc hc red at the center of the Sphere. It illustrates a system capable of sensing three-
darnerwa. aiii torces, but oaffri-ig, virtually no oppositionl to torsitnal, forces. A smiall torsional
force. sich as could tic produced by mount ilibrat ions, wtv'jld disassemble the gage.

To pre% e-it this, the 1PRL Izage was constructed with four laiik peairs. Instead of lying on
concur-enat lanes. these translale4 outward from the center of the ~a~ to allow production of
moments opposing any torsional motion. Figure 13 to a schematic drawing showing the die-

Figire 9 Three .inch spherical drag gage.

placement of the link& from tero along the X and Y or X and Z axis. The Links are represented
'IV the arrows. the artzwgaeads omint in the direction of the forces applied to the sting as a re-
suit of the precompresaitm of the links. The spherical shell (not showmi was attachmed to them
ring and com pletely surrounded the mechatnism.

The configuration illustrate I was stable. inasmuch as a force applied anywhiere on the surface
'I the sphere would simply couse a redistribution of stresses in the various links so that an

eq~al. ,pposimg force was created.
Whevn an external force was applIed to the gage. it changed the length of the links parallel to

its direction -i action. Because t1w cliaptacsement of the gage was extremely small and because
Cs4 h lian was mounted between piv(As, actioci 4 this force on the links perpendicular to it was
neglkgible. Uf a torsiownal force was applied to the shell. all till the links assummed new stresese.
but no electrical output was r%istered. since the strain gage 4iwige connection giving most-
sensit ive oput pdIar pure force ktiass also gave sero output for torsion. The lanais. shown io

33
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TFiCure 10 Detail of link mo.Milng and
orientallon for 3-inch sphere.

l r e i Detail oc link wseing meehnsm;
r0-Inh • drag gad@ with rvar half of @hell

rewowed.
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I
Ficure 12 Schematic diaphr3gm, drag gage
suspended on three pairs of precompressed

II
AXIAL

STN

am"

Figuare 13 kheumilc drawing. drag Mae
showing displacemenu of the links alon" the
X and Y or X and Z sax.
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Figure 14. *ere loaded uft their centroldal &ares to $give a twamn-column effect. Damping of the
,ýagr oscillations %sa olitained by internicihed brass eraves 0.004 inch thick attached alternately
to oppo)site onla of the vikb. The surface Mi each strip was coated with Dow Corning high-
% scosattv silicone oil at, tU.1 %hen relative motion between the trass strips occurred under

Il'ituattag l1An loads. itcscua damping torr~s were bWilt up between the strips. There was

Almost no static Wcii~on twituren the~ strips. Wut on the very sensitive gages used at Site Dog
tewre as* r-wugh present to cause slight gage hysteresis.

Sho~wa-tu~wt'lests conducted on thie 3-inch diameter gages showed that the gages had a higher
li~tkral Iaeq.;t..t v 00 cps, hig~her output sirrater than 30 my With a 20 vIt power supplyt and
rnire adequate dampingl than the DIAL drag giages used during Operation Traput.

Mounts. T"e gage mousuts consisted of throe 0-inch double extra heavy pipes extending 3
feet atui.* giround and embedded 4 feet apart in concrete. Ther abouveground pipe ends were

Figure 14 3-inch drsg-gage @*eising link.

cut at a 45 degree angle to allow the field-weld installation by the contractor of a tapered gage
aging mount suppiied by the project. The mowid was constructed of G-tnch diameter solid steel
stock and tapered to the diameter of the flared section of the gage sting (see Figure 15).

The gage sting usa inserted into a bored hole in the mount and hold in place with set screws.
A cable-junction box was installed in the concrete base with cable conduits running from the

boxn to ti% pipe for facilitating cable hookup and calibration wrs. A typical statioO is show"it n
Figure is.

Calibration. All spherical gages, after Installation in the field and connection to the record-
ing system cables. were statically calibrated in six directions along the three sensitivev Axe*.
The calibration rig. Figures 16 and 17. consisted of a rigid frame attached to the gage sting
and supporting two pneumatically operated piston assemblies. The frame was rotated so that
one piston applied force on the equator of a sphere at the proper powns. The other piston was
oriented to apply force alo" the a"to away from grownd aero. The piston wase nmad airtight by
the use 0f a Beloiram convoluted-diaphragm-type seal. Air was suppllIed to it from a 450 psi

U
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Fioure 15 Typical oliwrical dreg-gage station.

gageO coapiw.i
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tank through r,-Cgultors giving a range o• pressures from 0.2 inch %,( water to 300 pet. The
pressures 1*re read on dial gags-s having 2 percent accuracy. The calibrator for the 10-inch
spheres sas largier and heavier t'an itt for the 3-inch spheres and it ha, a Larger actuator-
piston area so that the sanme reigulattcr and gage system could be used interchangeably. The
actual forces developed uerr found As the prbdutt -f the pressure and the effective piston area.
An Act i•rately Caltratcd :0.1 percent, A.ldaidn SH-4 load cell was used to Wuble clieck the cali-
Liratton oL Ine system.

Si'me loss of accuracy. noted for lhw-force calibrations, wis attrib-,ed to stiffness oif the
lwilotram seal. Hoalrer. by appilving pressures t) the calibrator shich eK'uld prixfuce a ae-
4.e••e of f,'rce %alurs which oscillated atxiut antu saow!) approached the desired value, the effect
ti the stillness. as uell as the elecet of static friction in the gage, could be minimized.

Figure 17 Detail of positioned 3-inch drag-
gage calibrator.

The calibrators were used in the field by adjustment of the regulators, the forces requested
Irom the recording shelter were applied and held constant until the proper recording mechantsm
adjustments were made. Calibration forces in each direction were applied as shown in Tail.
S.

REQVIRED DATA

The only data required ,f the drag gages were curves of net force versus itme along the
three mutually perpendicular aveo of the gage.

rt. auxiliary data required was a plot of dynamic pressure versus time.
This data was recorded by the magnetic tape recorder system described in References 18

and 19. The magnetic taWs on which the data were recorded wore played back through an
nscillograph recorder which presented the data on a roll of 7-inch-wide photographic paper.
Timing pulses marking I° ,-msec intervals and a zero time pulse were also displayed with the
data trace.

The data was read on a projection type data reader equipped with movable cross hairs. The
positions of the cross hairs were eoprossed numerically by an electronic device and the values
so obtained were automatically punched on IBM cards. In this manner. the coordinates of all

S R
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the peAs on the records were determined. The IBM cards were then fed into the ORDVAC

hi,;4 speed Si,;itfl computer and. with th,., proper programming anci the introduction of the cahi-
,'ra.ion data. 'A Iiearited and sntoothed the records. A description of this process is given in
A'pendoi 1U of Reference 20,

As rece,ed tram the UHDVAC. tie data r *presented the fortes measured aionk each of the
three orirc.pal aLx of the gage. If was orit(i, ally ttwughl that simple vector manipulations
wIdId suffice to detern.ir~e the magnitude and i irection of the lotal-furce vector, however. re-
cent sht-I t.aL, tests performed tit the OHL 24 Inch smock tut'e have shown that the desired re-
s,,'i may not I.V ot4ained tiv this method. As t we anKle etween the Gu1w and the axis of Ihc
stir•g vcreabes aLi ve a lew degrees, the staring 4eriousiy affects the flow and the total force
cha-ies as a functlin Af the angle. It vas fountl, as a- empirical result. that the axial comioo
neril , f measured force Iaries little from the 1 roduct %f the predicted (theoreticall forre and
the cosine of the previouslv mentioned angle.

TIe method used in obtaining the total foce from the field data was directly based on the
shoc- tube experiments the axLal measureJ force value was divided by the cosine of t1w an|le

TPL.I CA, IRItATi0% POVI &b FOR 3-i%CH AND I I. CH SPHIfti.a

kA %&I-. . it r-ne -f •.l•i~al .nt Ares Jp!i.a ar¶.,ym.

'0- Inc h _.'Va. re 3-tInt- h Niheres
Sa. AnLai Tranu•'crat Ve.rtical As" Tr-nirnm r rim Wrticl(i

Left itjnht Lp D,,*n t.ft dgtf-t tp Down

plus plus minus pius menus plus ilum minus plsd minus

Abie 0 0 A 0 0 0 ) 0 0 a
3.2 1!7 .1 ! ?7 2.47 2 91. 3.6 34 3.6 3.6 3.6
A37 3..13 $.39 1.36 .316 6.1 6 4 6.4 6.4 4.4
:I.-7 ? I1 7.31 7.31 731 9.3 9.3 9.3 9.3 9.3

1.2.13 - - - - - - - - -

Dl 0 0 A a 0 0 0 0 0 0
0.1s 0.1 0 0.15 0.15 O .13 0.17 0.18 O.14 f..1S 0.18
A 0, 0. z7 0.17 0.27 037 0 4C 0.45 0.45 0,41S 0.45
0.3"7 0 3? 0.37 0.3' 0.37 0.42 0.612 0.62 0.62 0.62
o .0 0.30 o..,0 0. 0 .0.5 0. 7 0.79 0.79 0.79 0.79
') 64 0.64 0.44 - - IVS - - - -

beteen the assumed &(:cw direction and the direction of the axis of the gage sting. The supposed
flow direction was radial. emanating from true ground zero.

A correction was also necessary to account for the difference in pressure be'ween the inside
of the gage tatmospheric) and that outside the gig. (side-on) w"Ich tended to force the sting into
the gage shell. This would be registered by the gage as a force in the same direction as the
true drag force and having a magnittde Pas, where Pg ,s side-on blast preisure Led a is the
circular cross sectional aeea of the sting. It . apparent that this sting correctiom force would
have to be subtracted from the indicated force to give the true drag force.

RESULTS AND DICSSSION

The results of this test were seriously affected by the great differencos betwen the pressures
predicted and those obtained (Table 6).

At Site Able the sIal recorted was about Vqi that expected and was, consequently, little
stronger than the system noise. Also, the corresponding forces did not owend the small static
forces which osisted tr, the damping leaves by a large margin.

At Site Dog. the pressure ws almost twice that eiected and, while the averaged drag pres-
sures did not exceed those calibrated for, in some cases, pea values caused by mount oscilla-
tion were high ewtough to overstress the links.
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At Site Do0g, some flaw in the 3-inch gage (No0. 4) produced occasional atbr~t changes to the
record displacement. In Duch cast*, the exact amount of the shift was appa ant and based on
the assumptions that the gage sensitivity was unaffected and that the output of the gage to~turned
to zero. the segwments t4 the curve were transposed to produce a continuous curve.

Sting correctiotis tntr.lduced a problem, for in Some cases the product of side-on pressure
and area was aliuwwt as large as the indicated force. Since the indicated force to expected to tie
the sum of the tru. force and the sting correction was, it may tie assumed that one of these was
small in the cases in 44estion. The sting correttion to dependent jpon the difference between
the pressure traiXd ins Is the spherical shell and that outside, here. the blast pressure.'I

There was e'videns.e that. during the 2-week period between it.* roady date and the actual
shot date, the cont nuous action of the wind caused the silicon* greabe seal between tht' sting
and the gags shell to flow and to rupture. Thus, air flow past the sting and into the shell was
possible and the sting correcti4rn became a time dependent (as opposed to parametric) tunctv~n

TABLE 6 MoST PRoBABLE PEAK DRAG COEFFCIENT V.AL-11.

Predieoed Vatlurs Aclual Values
Sie Gg vrrsue L)hamic khrrsueDr.Ag
Sit Gq O~f~i1U~IW Pressure Ptrrcsr Pissure C-wtfaicint

Psi Pat psi psi

Able 10-1 23 10.6 4.1 41350.53
Able 3-1 23 l0.8 4.1 J.3115 0.61
Able :0-2 23 10.8 4.1 0. 393 nl '5
Dug ZC'-2 &.2 0.26 4.5 0.475 0.91
Dog 3-3 &.2 0.26 4... 0.473 0.47
Dog 3-4 3&2 0.26 4.5 0.475 0.34

First nuvrb,'r is gage diameter in inches. second number is serial number
*Dynamic pressure computed using Rankine-llugomot relations.

generally smaller than the simp~y obtained value for the stated gag&. Since the rate of pressure
rise inside the shell was derendent on an unknown, the degree to &hich the seal had failed, and
its description was not cernsidersd possible.

T~o investigate leak time, a gage with a faulty seal was placed in a chamber which was filled
with air to a pressure of 5 psi. After a delay sufficient to allow pressui-e inside the gage to
equalize with rMesaure external to It. a diaphragm rn the chamber was ruptured to allow almost
instantaneous dissipation of the pressure. The fiage leak time was observed as the duration of
output on the axial recording channel. This time was found to be a small portion of the Shot
Cherokee blast wave duration. The test could be considered only an approximatacnt of field con-
ditions since there was no way of knowing the actual sizes of the leaks present in the field.

Since the existence of dynamic prtessure seemed sufficient evidence for a drag force and
since the failure of the pressure seals seemed quite certain, it was deemed pradent to neglect
sting corrections. Thus, only a sbort portion early on the record of drag force wwld be in
errnr.

The dynamic pressure gages suffered from the angle effects and the small signal amplitudes
so that no direct meassurements of Q wets available.

The data is presented with all corrections made. Two forams of data presenaution are used:
the first gives tiae depondenlt plot$ of drag pressure measured along the three axes and the
second gives a logarithmic plot of CD versus Q. It should be "oed that those plots of drag
pressure versus t~me marked axial have been corrected by division by the cosine of the yaw

1 sessess Aill tUm is dimmlult to prodet accurately ewes under ken - sinitilom. it
was osasdered preferstle ts seal the gpg and usis a sun cosrmuc&im

U
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ankile. to give the test estimate of totai drag pressure values. The form of the curve was pre-
cisely similar to the true axial drag pressure curve. The law angle mes",-A --- .1=4 A61A. .aa
13 degrees, its cosine was 0.9' . . The yaw anigle measured on Sit.- Log was :2 degrete.. as ca-
sino wea 0.848.

The, dreg coefficients were computed using drag pressures taken from the corrfti,1 21i a~l
dreg pressure plots and using dynamic pressures computed from side-on pressure values with
the aid of the Raakin*-Hugoniot relation. Drag-pressure values, taken at regular intervals
(gsneorally, each 500 meen) were divided by dynamic pressures computed for the corresponding
times. rho use of the Rankine-Hugontot relation to determine dynamic pressure anywhore, ex-
cept at the shocit front was incorrect, but the arproximatie results obtained. where comparisons
have weon made, were not found to differ witlely from directly measured values.

The results for the 10-inch gage at SO;#e Able are given in Figures 18 and 24. Except for the
correction to the axial drag pressurt values, the plots cf drag pressure versus time are exactly
as received from the smoothil'. and lineerizing process. In order of descending dynamic pres-
saro, the drag coefficients were computed at the following times: using the peak drag pressure
value; 75 maset, using a value which was the average of the spikes occurring at the first of the
record. 200 mse. using a value corresponding to th~e height of the curve just following the oc-
currence of the spaxes; and 300. 1,000, and 1,500 maee us,.ng corresponding computed dynamic
pressure values. The 200 maee value was chosen as most probatily correct

The results for the 3-tech gage (No. 1) at Site Able are given in Figwres 19 and 24. Except
for the correction to the axial drag pressure values, the plats of drag pressure versus time are
exactly as received from the smoothing sand linearizing process.

Only one value of drag pressure, that at zero time, was used in computing a drag coefficient
because the indicated values asad become negative at 500 macec and would have indicated negative
drag coefficitents.

The results for the S-inch gage (No. 2) iat Site Able are given in Figures 20 ar.J 24. In addi-
tion to the correction to the axial drag pressure values, several spikes mn the "axia and ver".-Ca
records were smoothed through. These spikes first appeared long Weore the detonation and.
because of their regularity in time and shape, they could be attributed to a taPe-drive defect and
smoothed with no fear of their being representative of sa actual drag pressure. The values, in
order of descenoing dynamic pressure, were taken at aero, SOC, 1.000, 1,500, 2,000, and 2,500
moset. The value taken as most probably correct occurred at zero c.n the time scale.

The results for the 10-inch gage at Site Dog are given in Figures 21 and 25. In addition t.3
the correction to the axial drag pressure values, Ute vertical drag pressure plot waS shifted
dowvmard by 0.00 pst so that its final values coincided with the base line. Similarly, the trans-
verse drag pressure plot wis shifted upward by 0.02 psi.

Only two drag coefficient values were determined for this gage since drag pressure values
became negative after 900 mense. The value of drag pressure corresponding to zero on the time
scale was chosen as the first value occurring after the rise and rat the $Pike which came slightly
later.

The results for the 3-tneh gage (No. 3) at Site Dog are given in Figures 22 and 26. In addi-
tion to tbe correction to the axial drag pressure values, the vertical drag pressure plot has teon
shifted upward by 0.07 psi so tha its finial values coincided with the base line. Similarly, the
transverse drag preesure plot was shitted upward by 0.05 psi.

The indicated drag pressures drooped rapidly so that only the first ad the four drag coefficient
values computed *appar plausible.

TMe results for the 3-inch gage (No. 4) at Site Do are gives in Figures 23 and 25. In addi-
tio to the correction to the axial dra pressur values, the segmants of the curve defined by
abrupt shifts in gage displacement were corrected as described preiously.

Htere, "s In most od the previous records, the drag pressure appeared to drop rapidly and
the drag coefficient values dropped with corresponding rapidity. The most probable value of
drag coefficieat was thet octurring at Approuimately zero oct the ItIme, scale.

Table 6 gives the most probable values of drag coefficient.

(Tem ontinaued an Page 40.
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Figure 2s show a pilot of log CD versus tog Q for a 3-inch gasp at 4.500 feeM on the dust-
laden.air line of Operation Teapot. Comparison of the Operation Teapot curve with those for
the Operation Redwing curves shows little similarity except thia drag coefficients for the Site
Atile gages are in the same general range for the peak values of 4. mid tor the Site Dog gages
are consideraL'ly lower.

CONCLL$SIONS

The ol)jectives set dowln for the spherical drag gage m i stigattons were not achieved. The
,.&%ins condatm,'s under which it was necessary for the gages to operate coupled with dubious
bethamor on :he part of the gages reduced attenpis to interpret the data to speculation. A tabu-
lation A, Most ProbasL4e Peak Drag Coefficient Values (Table 6 is given; however, the vat%.*e
should root be considmred authoritative but rather attompts to distill from the study any infmorm'-
tion wh•ch indicated trends and general behavior. The choice of these values was, in some re-
spictaS. arttatrsry with past experience in related studies serving as a guide.

RECOMMENDATIONS

Further testing should be carried out to obtain clean-air cla3sical wave data in order to
bridge the gap between steodv-flow wind tunnel data and the data obtained on Operation Teapot.
Such st•dies should not. however, be undertaken until a medium characteristic more adequate
thea, dynamic p•essure can be determined. Basic instruments for measuring such variables as
medimm density. dust density, flow velocities, and viscosity (which are necessary in determisi-
ing Q and RI should be used in crunction with the drag gape.
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Port 3
MIL/ITAR VEHICLES

OBJECTIVES

The primary objective of this part of Project 1.3 was to compare vehici' damage from a
classical wave to vehicle damage from a nonclassical wave. Specifically, tWe variation of dam-
age ouaair,-d from Shot Lacrosse *39.S kt). Operation Redwing, and the damage obtained from
Shot 4 (43 kt), Operation Teapot. was to be investigated. Both shots were approximately the
same yield. but a precursor effect was observed on Shot 4. whereas on Shot Lacrosse no pre-
cursor effect was obeerved at the vehicle stations.

The secondary objective was to obtain flurtQr data from a wide range of yields (0.19 kt -
3.500 kt) rnd over the surfaces typical of the EPG.

BACKGROLN) AND THEORY

The exposure of military vehicles under free field conditions dates back to Operation Buster-
Jangle. Data from this and succeeding operations have been used to construct damage prediction
charts. For cert-in blast conditions, further significant data were desired. The three shots on
Operation Redwing used for jeep eirposure were chosen to supplement the previous data.

In past operations it has been shown that different size trucks placed the same distance from
ground zero experienced approximately the same degree of damage. On Operation Redwing, the
exposed vehicles were all old-type (WW M t/4-!on trucks, but the damage data are applicable to
all "4-on through 3-ton trucks and serve as a basis for estimating damage to similar drag-
sensitive targets.

OPERATIONS

Eighteen World War 13 jeeps (trucks. Y4-ton, 4 by 4, utility, Model MY%) were used on Opera-
tion Redwing. A preshot vehicle-condition inspection was performed, and numbers were sten-
ciled on all ma.or components. sheet metal sections, and vehicles to facilitate poatshot identifi-
cation. The windshields, canvas, and bows were removed before the vehicles were placed in
position. Station ranges from ground zero were chosen on the basis of TM 23-200 (Reference
241. Steel stakes were driven into the ground beside the wheels of each positioned vehicle to
fscilitate displacement measurements, and each vehicle was scur,,d in that position by placing
the transmission in reverse geer, the transfer case in low range, four-wheel drive, and by
engaging the hand brakee. The poetahot evaluation consisted of inspecting each vehicle and
measuring displacements. An attem was made to start and operate each vehicle where prac-
tical. Vehicles which could be operated within one man-hour of maintenance time were consid-
ered to be immediately combat usable. Damage levels (light. moderate, and severe) as well as
type of maintenance were selected on a basis of man-hours required for repair:

Damage Level Man-hours Type of Maintenance Man-hours

Light 0 - 1 Organiaulonal 0 -.
Moderate I - 32 Field S - 32
Severe >32 Depot or lkivage >32

04TRUME NTATION

Ten vehicles were exposed to Shant Lacrosse, a surface buret of a 39.5 It device. The vehi-
cles wers placed in pairs at five stations ranging from 2,500 to 4,3.8 feet from ground aero,

41
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with one vehicle facing into the blast (FO) and the other broadside to the blast (SO). The"e
stations are indicated mn Figure, A.2 (Appendix). Figores '7 and 2$ show the vehicles in place
and the 6eneral ground conditicni; before the blast.

The expo~sure of jeeps to Shot Zuni was a continuation oi the collection et diAmage data from
mu~lti-megaton devices begun during Operation Castle. Ten vehicles, including two recovered

waft

toe :

(a) Statim-a. 154.09 and 154.10

(bi Stations 154.11 and 154.12

Figure 27 Ground conditions before Shot Lacrosse (toward ground zeroo.

!?-m. Shot Lacrosse, were expsed to Shot Zuni. Eight veh~icles wort placed in pairs Jone face-
on and one side-on) at four locations ranging from 6,300 to 13,600 fWe tb', side-on vehiclce
was placed at 7,000 feet and oise side-on vehicle was placed at 16,500 feet. Figure A.A shows
the Approximate location of these stations, while FIgvre 29 shows the vehicles in position before
the blast.
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a)Station 154.09

(b) Rtallom 154.11

figure 28 Vehic~s i lpiece before Mot Lacroege.
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(et Station 154.04

-- o. : ... :

do

S.'.

(t; Station 114.09

Figure 29 Contsntued.

Ej#.,* vehicles were exposed to Shot Yuma, a 0.19 kt device detonated from a 2W-foot tower.
Previcus to this shot the lowest yield weapor. to which vehicles had beet e03o1ed was awroa.
matelv I Itt and at was desirable to extend danaiae prediction charts to the fractional M regm-.
The vehtic,' • were placed in pairs at four stations ran:inig from 150 feet to 400 feet from ground
zero. 7%gure A.3 indicates the approximate locations of the vehicle stations. Figure 30 shows
vehicles in place before the shot.

RESULTS AND DISCVSSION

Tables ?, 0. and 9 give the damage evaluation of data obtained on Shots Ls-roese, Zuni. sad
YL.ma, respectwely. Figures 31. 32. 33. 34. and 35 show the vehicle dm"se expe,~enced on
these shotee,

COMPARISON WITH TM 230200

The roport ' Capabilities of Atomic Weapons" (Reference 241 contains a chart of isodansge
contours for scaled height ad buret (MOB) versus scaled ground range for we to the predictwoa

45 ,Trxt cwmtam.d oe Pa" S& i

SECRET



5 , i "Si ! l i"

* I IU.'- ! I. S, I. I.'
- 3 8

0* * - -g i
- --* i I i

-p-!! . . -

", 1'- - ia

& ;i ii~~311 1aI. f
= ~I 1 5~.J *!3*r Sl i .~*IC I



!II

Z': 
I !I"

Si 
i iJ 

j i

Sii 
: iii i

i=* I ; !~ ;- ;; "

I ' . ' a ' ! " -

' " 1;;; ;

4,

SICEET



11° I

III:. 5!*5 - -- - 5.

: • '1 I I £f J !
SiI',; -p 1~"•s, 111.11,

ii I ! ; " " : ,I I t I, ,, t Itl ]
t! I S 'I I I , ,

* b II Iii. l i I

S8E8 t S • aI j . : :,, ,,

iii; g ' S

4.!

SERE



r ..Now

JI i

494

SrehCRe T in plACe tose St Yuma.

*. .

'at 3altioo 154.09. 2..Oj feet

S---° .. - • ~ '. "••:_.

U._o .. ,.= --.... -' -.a' _•

• . . ..• : . ... eW . "
3a •ltmnn 154.10, 2,770 leet

Figure 31 Vehicle damage ol~alnod on Sh~t La.•roee..
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(€c Sation 154.11. 3,3S0 efet
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rlpire 31 Cont.med.
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ta; Station 114.07 , 6.90G IeM. SO vehicie

(Ifl Station 154.01. d.300Q fm.t FO vehiciv

t 1.0~

ii Station 154.01, 8,300 feet, 30 vehicle av~

Figure 32 Vehiciedaae otialned on AMu Zuni.
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tit damage to militaryv ehicles. rt.is chart, shown in Figure 36. was constructed ,'v use of
.1anmage %irrous gcround range : urves derived from the data accumulated through OperAtion TeApot.
The isodamait contours in the regcular reflection region for the nigher MOB were Uirternitned by
Considering the damage sen'siti%&v it 44 hicdes to peak overpressure as &tel as tu the mass flow
% cponrnt tit the tDiAot %ave. The tstdamage contour for the lo,& scaled NOB tiere rhb.im ially

%e'rticAl. N-los a teicled HOD titINl) Iu. o.nly a tew data ixoints were .A'ilalj~le 491 11We V-,,Ar1i6
contoiturs sere cemende'd to zert) HOD by constructing them parallel to the cento..s t.l iedeal Jaa

itIro!:arr. Almost al. the NTS %.chcic I damage data on which this chart %as b~ased viere oxtiairid
ot A precur.sor region ahere pressure save shapes &rro distorted.

"lhe ground range for a given level tit damage and a given NOB3 ha.' been found to vary with
the Vielu. w. appr )tiatately as w*-'. A detailed discussion of the chart constructkon and the en-
tire proulem of dat -Ag. prediction for vehicles to contained in AF`S'AP 511 (Reference 25).

The damage data obtiA.ned on Operation Redwing and Operation TraWm,. Shot 4. are shown in
Figure 36 for com'parison with the prediction chart. The yield (43 kI1 of Shoit 4. O~peration Tes.

tcOO i~~-*-- I

ow 90%Pomla -w

140" %
-e ~.to%

4-4

W __"___1111_____"a

Af 11AM L*GMMIM O~t "OfS
0 10 ? s WSo 4W vao

01111111111Cg Pam1111u SS END (TOW,

Figure 34 Holght-of-burst chart for damav to military vehicles (TM 23-2001.

pot. ~a sintila to the yield of Shot Lacrosse (30.5 W) of Operation RedwingI. Damage to the
vehicle@ was expressed as sewere, moderate. or light in accordance with the levev of mamnte-
mnace required to restore the vehicle* to combsi use. The 110B for the shots we!, scaled as
Is 10 and the trotted range wes scaled as 9.

Asam shotnI Flgure 36, the data from Raot 4, Operation Teapot, fIgo the predicted waves very
well. However, a sgip. ficanit decrease in damage radii for the ECPO shots is indicated.

Alec shown in figure 36 is the orientation of each test vehicle, whether side-on (80) or faco-
on I FO) to the Wlant. Thar* aso an indication of esteiid-ol damage radii for the 80 vehicles, an
would We expected for a drag-isensItive target. This effect appeared well in the overlap of the
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data points for Ehrfs Zuni and L rcrog" even though no severe damge was oslinue on Lac•rese.
A similar scheme was indicated by the Shot Yuma data points.

COMPARISON OF DAMACAC RADII VERSUS YIELD

In Reference 25 (AFS%%P SIlI the damage radii for oetected levels of damage Observed on a
numtwr o! shots on previous operationa were examined as a function of weapon yield. The dam-
age radius fWr a selected level of damage for a given shot was determired by expressing the

'-hicie damage in terms of 10 categories. anJ plotting damage category versus ground rant,

The category for lght damage was equazted to 0.1, moderate damage to 0.5. and severe damage

to 0.6. Further descr'ption of the categories and definitions of light, mboderate and severe CAM-
age are given in Appendix B.

Damage , ategory versus ground :tinge curves were plotted for the Operation Redwing surface

swics. Th. ground range for SO percent prol~bality of moderate damnage and 50 percent probe-
bi•ity of severe damage were then estimated. These damage radii are shown versus yield of
device an Figure 37 together with damage radii of NTS shots. All damage radii except for Shot

. o-, 2

a- , 9, -

a-, ,..'-

I I ;

o .,,, .a1.000 I,
-I'-'0

1000 •0 •0,0
S 00

2 oeM Clayg ANAG( .

~~ 0190450 PROSASILITY)

450%4 PINO&MLITV1 I

too0.0 __ __ "I ... . .I....I ,,I, I

1o 10 t 1000 60,000

TICLO OF W9APOPW IN?)
Figure 37 Ground range versus yield for various damiage lfeves for
EPG Parface shois and JETS shots of low acaied height of burst.

13, Operation Teapot, and the Operation Redwing shots were takes from AFSWP 511, Figure
30.

A line showing the varlation of damnag radius with yield raised to the 0.4 power w- drawn
througl, the NTI 40ta points in Figure 3?. The linte fits the data points well a-A substantiates
the use of this scaling factor for the range of yield measured. The &aamage radius for Shot
LacraeNs was significantly less than that of the corresponding NTS shots. When a line corre-
sponding to scalnllg damage radius of w* was drawn through the poain or SW Lacrosse, it
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intersected the data points for the other L.PG surface shots. Hence, the NTS shot% and the EPG
S•h,,ts Iormed two 1 roups ?Aith rOiterenie dam•Ae radii but sith st:ntlar sCalin,, properties.

The .TS shots vtre det.onated printartiv at A scaled HOB lkewween 100 And 300 feel. •hkiie the
Lilt shots considt-red %ere surface shots. However. under ideal conditions tIe dat-A ( the t~u
groups should overlap. since the ideal dynamic pressure and dynamic inmpulse conttndra A4 e es-
srntiatly %ertictal for a ratve (it HOB tr,,m 0 to 300 feet. The cOActulbiOn that the dSItere,.te in
dname radii ouserved is due primarily to the nont .asistcal diatýrtwed %,A'e shapes %hich tocurred
a, the rangqes of si•zntica,'t vehicle damange on the NTS shots and the Vsi6e-titjliV C|absI(Al save
shapes *htch oct urred on the FPG shots ins tuther developed in suwceedinht pAracraphs.

DYNAMIC PRESSURE EFFECTS ON DAMAGE

The peak dynami" pressure data otitained at the NTS shoosed considerAble %ariation Irwn the
ideal values in the range At interest (or dana•e to vehicles. The peak dynamic pressure data

0 LA~CS --

40

- --

I " 111110" 1 1

Irigre 38 Peak dynamic pressure versus scaled
ground range LWL-).

recorded at the EPG are %hcwn compared to the peak dynamic pressure curvt for ideal condi-
tions in Figure ,9. The pressures have been corrected for compresldiblity elfects. The data
points are :cattereo about the Oeal curve and shou that the prag vSaues of dynamic pressure
c€rreapond to those of a classical wave,.

Examination of the pressure-time wave forms sa V disturbed wave shapes and hence a pre-
cursor formation on Shole Zuni a'rd Larosse. It was it strunog and did not exlend into tVie
region where effects on vehicle damage radii could be produced. No disturbed wave shapes were
observed on Shot Yuma. Hence, the damage data obtained was for easer, rally 4.lassical type
blast saves.

Figure 38 shows that pe"a dynamic pressure scales well from a Large rangle o: yields. The
fact tioat the Shot Yuma drta obtained a ;caled MOB of 347 feet overlap the data obtained for
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surface shots confirms that for essentially classical blast waves the scaled grouwd range for a
given value of peak dynamic precursor remains essentially constant for a range of MOB from 0
to 30)0 lft.

Although previous operations have shown that peak dynamic pressure correlates well with
damage (References 26 and 2?) this was experimentally confirmed over a limited range of yields.
The EPG shots provided a comparison of peak dynamic pressure over a wide range of yields for
essentially classical waves. Table 10 gives vehicle orientation, Wadsce damage, and corre-
sponding peak uynamlc pressure for Shots Yuma, Zuni and Lacrasse.

On Shot Lacrosse, light damage was received primarily in' the 0.8 to 2.2 pst dynamic pres-
sure region. However, on Shot Yuma, Light damage was received in the 9.2 to 9 5 psi dynamic
pressure range. Moderate damage was received in the 5.3 to 7.4 psi region on Shot Lacrosse
but at 24.6 psi on Shot Yuma. The moderate damage level was noted on 20 Zuni at 1.6 to 3.3
psi. Severe damage was nioted on Shot Yuma from 24.5 to 136.8 psi. Severe damage was ob-
tained on Shot Zuni from 6.4 to 24.6 pci.

The significance of this litcrease in peak dynamic pressure required for a given level of
damage on a low yield shot compared to a high-yield shot becomes evident when the duratio ad

TABLE 10 DY?4NAMIC PRE5SVRE COMPAR9D *1TH DAMAGE

Shot Orienaton Dynamic Pressure (psa for Damage whick is:
Light Moderate savere

Yuma 30 9.2. 3.6 24.8 13ILS
so 9.2. 9.6 - 24.5. 13L6

Zulu 70O - - 3&3 6.4. 7.5.16.3
s0 - - 11.41. &.3 6.4. 7.5. 16.3. 24.6

Lacrosse 70 0.6. 1.0. L22 5.3. 1.4 --
s0 0.5. 1.0, 2.2 L3. 7.4

the wave is considered. Severe, damage was obtained on Uho Zumi at 6.4 psi with a wave duar-
tion of 3,500 mmse. On Shot Vuma the same dampg occurred at 24.8 psi wlit a wave daratlos
of 4.% msec.

The requiremeft for an increase In pealt dynamic preesure with a decrease is wave duration
for consart damage was to be eapected from the satisfactory use of sc~algo damage radii
with w4., since the radius for a given peak dynamic pressure scales as lw', and wave duration
varies with yield. The calculations in WT-S911, Appendix A, (Reference 260 ia uwhih damage
radii are calculated for a classicalt blast wave fir a wide rafte of yields, imply tha for large
yields the peak dyenami pressure is most important, while for small yWel the dynamic impulse
becomes of equal importance.

DIFFERENCE IN DAMAGE RADII FOR CLAMCAL AND NONCLAKICAL
SLANT WAVES

A difference in damage radii Is shown for NTS shoos and EPO shots is dfta i s Fgure 39.
This figure shows a plot of the damage versus scaled Crowad range for trums t uck posed
oft the NT3 tower shos and the ZP0 surface shots. No dWAtictica of a Ida wasm maoe OW
these data. The short vertical bare at the 1.0 damage levl mtar dhe minimumn ground range
for wilrh so danmage less than 1.0 was obtianed. The dashed curves rp wenet the estimated
average curves. The location of the predicted curv for surface bursts glums TM 22-NO (Figure
36) is Indicated. The decreased ground range #or thi predicted curv represents a reductisa
incorporated to account for probable shielding effects on average terrain.
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Considerable differences in damage radii Letween the NTS and EPG data ts evident 1.a Figure

39. At the Pevert daesag. Level t0.81 the reduction in damage radius from the NTS curve is 35

percent for the EPG cu;rve, and the reduction below the TM 23-200 curve is 28 percent.
The difference ka HOD for the two groups is appreciable. However. under Wdeal conditions

(classical biast waves) the ground range for a given value of dynamic pressure vari 4 'less than
10 percent for HOD from 0 to 300 feet scaled HOD. This range of HOD includes bota groups of

data.
If the efl. ctive yield for b!asl ",.s reduced by itteractaoi between the fireball and the ground,

th'*n the yield used in scaling the EPU data should be reduced to provide the proper comparistn
with the NTS data. However, a reduction to 80 pircent of the yield (1.6 w) will increase the

scaled damage radii by only 10 percent.
Some reduction in damage radii may be due to the soft. sandy surface at the EPG. This

would have the effect of decreasing the force of impact of the vehicles with the surface as they

, ••---•-O•5"Io• -- -, - __-

NA 0 kTS SNOTS

\PPO SHOTS
S6. 0 TM 23-ZOO

1 •.7 
(0 ""09)J),

061

so 
A

0% too 4100 too Noo o00 ,oo0 W"o-° •o ,q o
GROUND 8",41 (OPTI

Figure 39 Degree of damage for t/o-ton truck veesus scaled ground range (1/W"'*

for EPG surface shots and NTS anito •,f low scaled heights of burst.

were tumbled by the blast wave. However, this effect was protably less than the effect due to
the or$,! tatton of the vehicles.

Differences duo to the atmospheric pressure have not been considered. bince the change in
damage radii with changes ;n atmospheric presbure me small (Reference 23).

Therefore. it Is concluded that the large difference in damage radii shown in Figrures 37 and

39 is duo primarily to the occurrenc'e of nonclassical wave shapes lard -,,oockated higher drag

torcee on t;-* PITS shots and classical wave sapes~e on the £PG shots. Hentce. image radii can

be ci~vigod significantly by the presence and extent of a precursor.

DMCVI.'WN OF SHOT YUMA DAMAGE DATA

Shot Tuma wa a tractional kiloton weapon (0.19 kt) with a scaled HOD of 347 feet.- The NTS
tower shot data were, for scaled BOB ranging from 100 feet to 252 etM and the lowest yildh was
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higher than that Tum by a factor of 10. $lace Nhot Yumas was a tower shot with no precursor
effect and was wait below the yields of either the EPG or the NTS data, it was of interest to
examine the correlation of the groups Indicated in Figure 37.

Figure 40 shows the 50 percent probability of moderate dunmg nad the 50 percent probability

//

/!

II- --71" - __%"

SJ~//

,,/ UE"fW
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OF mEVCf!

I

oI

aim"am= (FT.)

Fgure 40 Ground range verisa yield for various dumap levels for CPO tower
Tht Yuma cou pared with NTS tower shot and gPG strface sh OU

of severe damage obained from at Tomn. These dMa are presented along•w•i the mtrapolated
curves of Figure $?.

As indicated in rigure 40, the Not Turm data points fit the etrapolated curve for the EPG
surface bu as fairly well. Nowever., the shot sws of a relatively hI scaled 08 and more
properly belongs is the NTSl grou. The dscrea in range shows may rerA both from the lack
of precursor formation and the short durstios a: the blast weve prodfed by the low yield. A
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surface burst of a similar low yield may show a similar decrease in range; and scaling by yield

varied to a constant power may be unsatisfactory for such low yields.

DISPLACEMENT OF %4-TON TRUCKS

Since displacement, like damage, is a result of exposure to a biast wave, the displacements
measured for the vehicles were examined for indication of a grouping of NTS and EPG data.
Plots of displacements versus ground range were made for each shot, and the probable ground
ranges for I,. 20, 50. and 100 feet displacements were selected. These are shown plotted
versus yield in Figure 41. The lines sho,&n in Figure 41 are of slope 0.4. and fit the points for
each group very well.

Assuming t'at ii NTS tower shots and the E'nG surface shots we.re two groups distinguished
primarly by tyk'we of blast wave (nonclassical versus classical) with scaling as W" applying to
each, the consistency within a group of the displacements data were examined. Ground ranges
were reduced by thi, factor (1/W0") and the displacements were plotted versus the s¢'qIt d

- ., - -o-

o ! I.w

* ,000 _ __

-000 a

1 * 60 FT DISPLACEMENT
~' --O 2O"0T F

1 00 lFt l(50% PROSAIILITYI

100 A.. ... 6. . -.... I I -I -. A I •__. . ....
I to 100 1000 10.000

YIlEL OF WEAPOW Ig')

Figure 41 Ground range versus yield for varlous displacement levels for EPG
surface stats sad M shots of low scaled height of burst.

ground r..ngs. The results for the VPG surface shots sua shown in FIgure 42. The displace-
ments .Aerge well for the #nor shots coasiderid. The plot of the NTS data are shown In Figrwe
43. A line indicate* the center of the EPO distrlbation of points. In bA-h Figure 42 and Figure
43 the oepralioa of 90 from FO vehiclea at the Same ground rang illustrate* a larger displace-
mea" for 90 vehicles. This is eopected lw-a.ase of the larger presented area expoeed to the
blast wave by the 80 vehicles as compared .N tne Im vehicles.

The consistency of division of the displacemeit da betwees the IPG surface and the NTS
tower shots agi indicate that they bWlong to two grope with approxlmately the same scaling

st
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factor. There ti evidence to support the idea that the FO vehicles of each group and the SO ve-
hicles of each group may be scaled by the same factor but be represented by different lines.
Further analysis of existing data 1s necessary to define this separation.

CONCLUSIONS

The damage radii for surface bursts at the EPG in the yield range of 40 kt to 3.5 Mt have
been determined and scaling of ground range for a given damage level ts as W0'4, wh,:re W Is
the yield.

The •,,.;..age data indicate an appreciable reduction in damage radii for non-precursor condi-
tions (classical wave shapes). Nqon-precursor conditinns usuallv occur with surface bursts es-
pecially at the distances represented by the vehicle target locations.

The displacement data indicate that the radii for i given displacement are significantly re-
duced for non-precursor conditions (classical wave -hape..).

Light damage was produced by a fractional kiloton device at scaled ground ranges associated
with severe damage for a nominal device.

Peak dynamic pressure associated with a given trend of damage varied considerably over a
wide range of yields. When corsidered Alone it was not a satisfactory parameter for predicting
the level of damage sustained by wheeled vehicles.

RECOMMENDATIONS

I. It is recommended that farther analysis considering the duration and dynamic impluse of
the blast wave be conducted to confirm the amount of reduction in damage radii of vehicles ex-
posed under non-precursor conditions.

2. It is rccommended that the extent of the precursor region be determined over the entire
range of device yields, and for the surface burst in par'ticular.

3. It is recommended that the HOB versus range isodamage curves be revised to reflect the
damage radii for surface bursts.

4. Further investigation of displacement data (considering the jeep as a response gage) with
blast wave characteristics and vehicle damage is recommended.

S R
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Peur 4
CUBICLE STRUCTURE

OBJECTIVES

The primary objective of this part of Project 1.5 was to obtain diffraction and drag data on a
nonresponsive structure at a higher pressure and longer positive duration than had previously
been recorded. A secondary objective was to validate model-scating methods at higher pres-
sures and longer durations.

BACKGROUND

Measurements of air-blast loading on full-scale structures and cubicles were made on Opera-
tion Greenhouse, Upshot--Knothole, and Castle. The greatest effort was made on Operation
Upshot -Knotnole, where a large array of nonresponsive cubicles were used (see Reference 28).
A limited number of structures were insut umented on Operation Teapot and reported in Refer-
ence 35. Scaled models of cubicles have been instrumented in the BRL shock tube and reported
on i.% References 30, 31, and 32. The work in the shock tube has been confined until recently to
the initial or diffraction loading. The advent of multi-megaton devices with long positive-
pressure durations has placed more emphasis on drag loading as a damage criterion.

Operation Redwing afforded an excellent opportinity to instrument a structure exposed to a
megaton yield device. The structure used during Operation Castle (Reference 29) was available,
and Project 1.5 accepted the responsibility for obtaining pressure-time records on a limited
number of positions (see Figures 44 and 45). It was hoped that this information would correlate
with field data already available from previous operations. Scaled three-dimensional model
studies in the shock tube had checked with field results for low pressure and it m hoped that
this data would further validate model scaling in the moderate pressure range (15 to 20 psi).

The validity of scaling the diffraction phase of air-blast loading on a model to a full-size
structure for incident free-field overpressures of 3 psi and 6 psi has been weU established in
reports from BRL (References 30 and 31). Prediction methods were made using the shock tube
records from scaled models of the Project 3.1 structures exposed on Operation Upshot-Knothole
but they had not been checked at the higher overpressures. An attempt was made to predict the
loading expected on a concrete cubicle exposed during Operation Teapot. Here again the pre-
dicted curves could not be checked, because of the non-ideal blast wave which enveloped the
structures on all blast lines. The method used to predict the curves presented in this chapter
is outlined in the following section.

THEORY-LOADING PREDICTIONS

Scaled Model Method. A Yu-scale model of the Operation Redwig4 structure was exposed In
the PRL shock tube to record the air blast loading from a shock ave of the same peak over-
pressure as recorded near the field structure. The model was inst!pwalted with mimature
pieco-electric gags& flusw. with the surface of the various faces ol the model mad in locations
corresponding to similar positions on the field structure. From a large yield device such as
Shot Zuni there was little decay in a free-stream-pressure-time record daring the diffraction
loading phase and therefore a record from the step shock prodiced in the shock tube should
correlate well with field records when the time scaling factor is ppi•ed.

Free-Stream Pressure Versus Time. To predict the air-blast loading expected on a field
structure, it is first necessary to predict the fre-stram-pusssuue-verssa-tlme curve ex-

S 4
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pected to cnv'lope the structure. Jhe method used in thi, chapter has been published an Refer-
ence 31. The parameterzi which mu.st be kitown or assumed are: device yield, height of burst,
distance from ground zero and type of surface. The pretest prediction ef the free-etream-
prebbure-time cuirve was based on a yield of 2.5 MI and a distance of 9,700 feet from ground
zero, which gavt an expecryto peak overpressure of 17.5 psi. This value was established from
the height-of-burst curves presented in TM 23-200 (Reference 24). rhe actual yield was 3.53
Mt and a peak overpressure gif 23 psi was measured near the field structure. The measured
values of yield and i)ressurL will be used hi establish a predicted curve of pressure versus
time by the nmethod outlined in Reference 33.

After determining the peak pressur, expected at a given dittance, it is necessary to predict
the wave shape. A bemi-empiricai equation from Reference 31 is thought to be the best avail-
able at present:

St tP5 (t) t s~" e t", (4.1)

Where: Fs(t) - Overpressure in t.e blast wave at any time (t).

Ps Peak overprcssure (27 psi).

t, + Total positive duration (see).

C Decay constant.

The positive duration (t ) t.4 obtained from Referel. ? t and is 200 msec for a I kt yield or
"3.038 msec for a 3.5 Mt yield. The measured duration from the two curves presented in Figure
46 approximately 2,500 msec. The impulse (1,) expected from a pressure-time curve with a
peak overpressure of 23 psi and a duration of 200 msec wvas determined front Reference 33 and
was found to Lie 1,500 psi msec. The factor still to be d-termined is the decay constant C,
which is a function of P5 , t, and I,. The value cf C as determined from Reference 33 was
1.45. Equaticn 4.1 may now be written as follows:

Ps(t) z 23(1- t ) 1 4 5  M (4.2)

P5(t=3.038 1e 3.038

From this equation, values of pressure from any time to to t , can be determined. Enough
values were calculated to plot a curve of pressure versus. time. These valups are listed in
Table 11 and plotted in Figure 46. The predicted or theoretical .cirve in Figure 46 was used
to c.'rrect the step shock records from the shock tube.

Time Scaling. When scaling records of pressure versus time frcn models to compare with
records from ful!-scale structures, it ib first neceisary to scale the time units. This is a
staightforward procedure since the velocity of the shock front in the field may be assumed to
be the same as the velocity of the shock front in the shock tube for a given incident operpressure.
Therefore, tc scale it is necessary to consider only the difference in the size of the model and
field structure as the size-scaling factor. The field structure was 36 times the size of the
model, therefore, t msec on a shock tube record should represent 36 msec of a field record.

Pressure Scaling. The shock wave produced in the shock tube is a step shock in which the
initial portion of the wave is I!at topped with no decay in pressure. The flat-topped portion of
the wave envelopes the model, and the pressure-time records obtained must be adjusted pres-
sure wise to correlate with the decaying wave produced in the field. The shock-tube record is
adjusted by multiplying by a ratio of Ps(t)yPs from the predicted free-stream field wave.

-C It
Psl(t) • Ps'O ) 1- e •(÷4.3)
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Where: Ps (0 Peak overpressure 23.0 psi

C Decay parameter 1.45

t. P'ositive Duratit n 2U0 0 mn.,r for I kt - 3,038.0 msec for J.5 Mt.

I Any time interval during the posituve liprase.

Presents!ion o' Predicted Records. The snine positions from which field records were ob-
!amied sere nstruniented in the scaled model, with one extra position on the rear face. The
records from the n,,del weie first scaled for time and then for pressure decay. These records
are presented in Figures 17 thrzugt 50. The ftirst portion ox the records have been expanded so
the diffraction leading can be .r:alvzd.

OPERATIONS

The 6 by 6 by 12-foot target structure utilized by Operation Castle Project 3.1 was renov..ed
for use on Shot Zuni. Tn, structure. located on Site LU ale (9,730 feet from groind zero), is
designated as Station 111 in Figure 51 Nie positions r ere instrumented with Wancko pressure
transducers. The predicted pressure reco:ds were used to select gage ranges for the dtffetent
lo,ýataons. The positions selected to instrument are given ii. Figure 49 and Table 12.

L'STRU MENTATION

Free-Facid Measurements. Two stations, 156.01 and 156.02 were established in the free-
stream region. Station 156.02, locatlc. ,00 fe'et in front of the structure, was ins'rumeited Lay
Project 1.1 with onc ground-baffle gage a id a q gage 7 feet above the grf)ut:d surface. Stat ion
156.01 was locatJ at the same ground rat ge as the structure and had a sclf-recording ground
baffle, an electronic q gage at a 5-foot elevation, and an electronic free-stream pressure gage
at a 10-foot elevation above the surface (Figure SI).

Types of Gages. Mounts. and Calt, ration. Wiancko type 3 PAD. v.% r-able-reluctance pres-
sure gages were used to instrument the structure. This type of gage had an undamped natural
frequency higher thal 2.000 cps. The gages used weal danpeod to 0.7 of critical. This amount
of damping limited the amount of overshoot t1( S percent. while permitting maximum response
of the recording system. With this application of the Wiancko gage, t"e recording rystem, with
a rise time (if approximately 0.4 msec, is the lhniittin factcr in recording pressure versus
time.

The electronic recording q gage placed at Station 156.01 was of the type ised by Stanford
Research Institute during Operation Teapot (Reference 33). However. damping was added to
the gage.

Mounts for the Wtancko gages in the structure were those used during Operation Castle.
The contractor repaired and renevated the mounts before gage installation. The gages were
mounted with the face of the gage flush with the structure.

After installation and c,:nnection with the ri.cording systvm, the gages were calibrated by the
3pplcatlio, of several increments of static pressure. The prteeui c was applied from a portable
air-supply tank. Al gages were calibrated in 20-percent stet;.s up to 100 percent of the pre-
dicted values. Added as a salety factor in event the yield went higher than predicted wert a
125- and a 150-percent step.

DATA REQUIRED

The data required for a th'rough analysis of the air-blast d.Ifraction and drag loading would
be a complete instrumentation of the field cubicle. The time between Shot C0erokee and Shot
Zuni was not sufficient to calibrate all the 29 planned gage positions. The nine instrumented
positions were chosen as the most representative over the four surfaces but not necessarily
adequate for determining the average pressui e over a surface or a drag coefficient (Fiure 52).

671

SECRET



TABIF 11 VALVES or PREDICTED FREErTR.AM PRESIMR -TtMN CLRVE

t - t C
t A-- C * 4 (1 -0 - ) 0 Ppsi t mom

4 4 4 I

0. 00 I.O 0.000 1.000 1.,00 3.10 00.0
0.01 ,.j., 0.014 0.934 -0.41 22.4 30.4
0.0. l0.98 0.0"9 0.971 0.952 21.9 60.9
0.03 v.97 o.k,44 0.956 0.927 21.3 91.1

0.04 (.q6 0.058 0.944 0 90 1,.6 121.3
0.05 0.95 0.073 0.910 0.862 20.3 152.0
0.06 0.94 0.037 0.917 9.862 13.6 132.3
0.07 0.93 0.102 0.903 0.84v 13.3 212.?

0.08 0. 92 0.11C 0.S90 0.819 1M.6 243.0
C.09 0.91 0.131 0.6?? 0.796 13.4 273.4
0.,An 0.!0 0.145 0.664 0.778 17.3 303.8
0.13 0.35 0.218 0.804 O.68S 15.6 455.7

C.20 O.JO 0.290 0.748 0.396 13.8 607.6
0.25 0.75 0.363 0.692 0.519 11.3 759.1
0.30 0.70 0.43 W 0.647 0.453 10.4 911.4
0.40 0.00 0.80 0.560 0.336 7.7 1.215.2

0.50 0.c. 0.723 0.484 0.242 5.6 1,519.0
0.60 0.40 0.870 0.419 0.16 3.3 1.822.8
0.70 O..A'% A.OiS 0.362 0.109 2.5 2,126.6
0.80 0.20 1.160 0.313 0.043 1.5 2.430.4

0.S9 c.. 0 1.305 0.271 0.02? 0.4 1.734.2
1.00 0.00 1.450 0.233 0.000 0.0 3,036.0

TABLE 12 STRU•CTURE GAGE LOCATIONS

Gae Dista fromi Distata from Distance from
Gaa FroWFic Top Fac* Left Wd

in in is

P-i o -- 72
P-9 30 42
P-IS 12 - 10

P-24 - 12 1il2
P-27 - 33.25 42.1
P-20 U 34.25 ?72.2

P-.4 - 12.25 74.50
P-44 3M.S 34.S5
P-So - 40.23 IL22

'Left ilde as viewed from grwed oat
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To meet the prmary objective of tht project it was necessary to m4asure the pressure-time
itstory at selected positions over the various laces of the target structure. A record of pres-

sore %ersus time can tnen be analyzed to uctermine from the pressure fluctuations, th.e time of
occurrence and strength of the vortex act'itw aml swimitt' , ,,wcas t.a.t effect the air-blast dilfr¢c-
tion and diag loading of a structure.

RESL'LTS

Front Fare Measurements. The records of pressare versus tier from the front far posi-
t .iuae are prrsented in Figure $3. Here at can be seen that the records do not follow the t6 end
rpected lor a classical shock wave input For a pr'ak overpressure of 23 psi the rellrted
pressire on the front face under ambient conditions just prior to shot time should be approxi-
malely 72 psi. The reflected pressure measured on the front face gages satisfy the predicted
%alue itthin the limits of error that might be expected. The deviation from what might be ex-
pected from a classical shock wave can be seen in the rate ,tecay of the reflected to a stagna-
tion pressure. The reflected pressure on the front face of a biructore should decay to stagna-
ticn pressure sithin the time shown on the scaled up shock tube records shnwn in Figure 47 that

go, so1

20 so11W S3

soc0 'co0 sc 30000 3O0 I() •000 0 090 100
S- POSMIT IIN to to

3 Soo 0000000 1oo500 5000 0 060 100
S..

41]0

to, to•I•t, 42

0 So0 '000 1900 1000 MI00 000 0 090 100

00. TIVIC ("SEC) 0

Fi0re 13 *ructre front face record, Positi 24, 27, 28.

is approximately 25 meec. I can be seen in Fiure 33 that there is little or no decay within the
first 1O0 mec at positios 24 and 27. whilq at position 26 the pressure had decayed to approat-
matIV 40 psi which is still much higher than *ould be predicted from a classical wave shape.
The total Impulses weaossred at position-a 2. 27 and 26 were 6,535. 5,763 and 3,902 pei-msec
re.pectively. The positive duration1s reported in the same order were 2,410, 2.606 and 2,606
msec.

T le Measurements. Good preesure meurements were made at the three posit ions
Instrumetd a the top f The. The pressure time hMorW? from F1itio01 9 WS not valid. As
can be seen in Figure 54. there appeared to he a gage maalunctici beaund the first 200 men.
The diffractilo phase of the record to believed to be valid when cempared wih the other two
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positions. The attenuation of the initial pressue rise by the vortex action is s"ee in the record
from Position 15. This effect becoomes weaker as the shock front move* across the top tr Posi-
tions 9 and 1. Some dccresse in pressure after the initial rise is also contriluted to the r*re-
(action wave moving from the rear edge utac over the top face. The effect because of the rare-
faction wave was greater at position I while the effect because of the vortex was greater at
Position 15. The impulses fronm Positions I and 15 were 1,611 and 1,905 psl/msec while the
durations were 2,581 and 2.870 sec.

Back Face Measurements. Two positions were instrumented on the back face. The records
from Posit' ns 34 and 50 are presented ti Figure 33 and both appear to be valid. The records
show the slow build-up of pressure tr, a peak sluithtly less than the incident tide-on pressure.
Pusition SO built up to a peak presedre sooner than Positirn 34 and also decayed much slower.
The impulse Irom Position 50 wax 2,386 psl/msec whict' was also much Sre.er than Position
34. which was 1.797 psL/mwsc. The duration of the record from Position So was 2,887 sec as
compared to 2,749 sec froim F i•siion 34.

Side Fate and Free-Strean Measurements. One position was instrumented on the side of the
structure. This was Position 44 and the record ts presented in Figure 55. The record appears
to be valid and the iitial position compares with the record from Position 9 on the top face.

The side-osn pressure record from the q gage is presented in Figure 56 along with the dynafnic
pressure recurd. The measured dynamic pressure is much greater during the firs 100 maec
than would be expected ":om caluiatang the vaaues from side-ou pressure.

Presentation of the suafai * level pressure record, Staticn ISQ.01, is made in Figure 46. No
usable record was obtained from the prv.asrs gage at the 10-foot elevation becaise of mount
failure.

The side-on pressure records from the q gage and the ground baWe gage at the Project 1.1
instrumented station 156.03 are presented in Figure 57.

DISCUSSION

Field Records. The records of pressure versus time measured on the field structure sere
ezce"e-nt so far a noise level, readsality and playback testiniques were concerned. There
were no base line shifts at zero time and therefore the calibration curves were applied to the
records without the necessity of correction. With all the factors mentioned above in favor of
reliable records there still appeared some inconsistencies. On the front face the relief of re-
flected pressure was slow and Position 24 which should have shown the famest decay of reflected
pressure actually recorded the slowest decay while Position 28 waach should have held the re-
flected pressure longer, recorded the fastest pressure decay of the three gages.

The records from the top position appeared to be the most consistet. No explanation can be
given for sudden pressure decay of the record at Position 9, PAt as mentioned before, the first
200 msec appeared valid.

Positions 34 and 50 on the back face showed some inconsistency in pressure ar, impulse
values. Based on shock tube data, Position 34 should hav.•e recorded a iwoas overpressure higher
than that recorded at Position 50 and also recorded a greater ,mpu!ze. From the actual field
record, !ut the reverse me recorded. These inconsistencis are mentioned to point out the
difficulty in checking the validity of shock tube scallig and establishing any prediction method
based on shock tube data that could predict the records obtained from this structure.

Shock Tube Records. The records of pressure versus time measured on the scaled model
xposed In the shock tube were excellent and it is felt that it Ine field structure bad been envel-

oped by a classical shock wave the records presented in Tiures, 47 tbro1g 50 would have been
representative of the field records. Actually the front face field records showed the greatest
dissimilarity from the shock tube records, which followed patterns similar to those me up ano
reported in Reference U3.
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Comparison of Predicted and Measured Records. No co.,iparlso hUs been attempted for the
front face records, except for the reflected pressure. The peak reflected pressures check, but
that is the only similarity throughout the rert of the record.

The top face records showed a nuch better correlation in the diffraction phase, but not in the
drag phase. Its felt Jiat prrt of the initial peak shown on the shock tube records was lost on
the field records because of the response tame of the o4ages. In Position IS, which was affec.ed
quickly by the vortex, the field records did ,tK reach 10 psi while the shock tube record reached
approximately inciJent pressire as expected. Positions 9 and I rtcords were not aLf cted as
soon by the vortex. Therefore. they reached higher pressures. It should be noted that the in-
cident free stream record required appioximately 75 msec to reach a peak value. Therefore,
the vortex or rarefaction &ave ctn cause a decay in the initial rise before at cran reach the peak
value.

The back positions also compared favorably when the two Input conditions were considered.
The field pressure wve with its 4low rise will not reflect and form the strong vortices Cever the
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Figure S6 Dynamic and side-on records from Station 154 dl.

back face as shown on the shock tube records. Therefore, a slow build-up of pressure over the
back face of t:.e field structure would be expected.

The Side face Position 44 showed excellent correlation between the field and shock tube re-
cords in the diffracrtion phase, but as found In the other records, the drag phase loading was
much higher.

CONCLUSIONS AND RECOMMENDATIONS

The conclusions reached by the authors are stated as follows:
I. The field structure was enveloped by a non-Ideal shock wave.
2. Te field instrumentation is believed to be reliable and It reprodaced the pressure time

history acting on the structure.
3. The number of positions instrumented was inadequase tu otain a average pressure over

Lie surfaces for translational force.
4. The diffraction phase loading on the top, back and bsde was similar to what might be ex-

pected from shock tube 0%ta, bet the loading on the front face was quite different.
S. Trae drag phase loading was much higher of# all faces than would be predicted from Snock

tube data which was based on a classical wave shape.
6. The dynamic pressure was higher than would be predicted from the measured side-on

pressure, but it ws not as high as Indicated from the drag loading measured on the structure.
7. The input conditions were ,assed on the side-on pressure from a q gage, 100 feet to the
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side of the structure, which may or may not have L.een the true conditions at the structure.
The recommendations presented for consideration are as follows:
1. Full instrumentatbon should always be carried out whenever there is a possibility of a

precursor being fo'med or a non-ideal wavt shape enveloping the target structure.
2. Free-strojin measurements should ii. as close as possible to the structure as insurance

that the true inpui conditions are known.
3. A greater emphasis should be made to simulate In the shocK tube the actual field condi-

tions, expeciallv wave shaping techniques.
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Part 5
ELECTRONIC INSTRUMENTATION

OBJECTIVES~

Project 1.5 provided electronic instrumentata•,og tr Project J.1, as well as the other phases

of r'roject 1.3. Data required by these projects necessitated the measurement of each of the

tollomng, ver'sus time: dystamic pressure, aide-on press,4re, tolumn deflection, column strain,

column acceleration, Unmi of break of the frangible sov-rng, and the acceleration of the footing at

each of the four Project 3.1 locations.

Project 1.5 provided t 1-c ronic recording and instrumentation on S.ots Cherokee and Zuni.

BACKGROUND AND : t'. jRY

The imstrumentation requirements of Project 3.1 were similar to those of Project 3.7, Op-

eration Teapot. The mn..trumentation ior Project 1 5 included rectrd;.ig data from :'artous

types of drag gages and ir.strumenting Station 111, a 6 by 6 by 12 foot cubicle descrioed in

Part 4. The drag gages are described in Parts I and 2.

The multi-channel magnetic tape recording equipment, sed during Operation Teapot was

modified to correct some of the difficulties encountered and used for Operation Redwing.

Representatives from Projects 3.1 and 1.5 met and decided on the type, location, and ranges

of the gages tof both projects. Instrumentation for Project 1.5 drag gages was designed to in-

sure compatitility (of the transducers with the multi-channel magnetic rape recording system.

OPERATIONS

Project 1.5 telectronic measurement portion) participated in two events, Shots, Cherokee
and Zuni.

The installation of the instrumentation and recording equipment was started as soon as coo-

atr.ction had progressed sufficiently. Instrument cables were installed after all heavy equip-

mienrt was removed trom the area The end-instrument calibration was accomplished upon com-

pletion of the cable installation. Faulty gages, recording equipment, and calibration techniques

were detected by analyzing the plsyback of the calibration records.

INSTRUMENTATION

The Project 3.1 struc!ures were all instrumented lot a similar fashion. Mcasurement of
dynamic and side-on pressures were nud.e "4 and 25 feet aboveground. Acceleronmters wore

mounted near the top of the center colu.nns a.,.rthest from ground zero (Ftfure 58). Strain gages
were located on both the front and rear center columns at 4, 8, and 15 feet above the column

footing tFil,,re 59).
The inner three front columns of the b-y.vpe structures and all three front columrs of the

a-type structures were instrumented for deflection. The measurement was made between the

point of ihe column where the botto•m cihord of the truss was attacu'%d and a piling driven into
the coral at a point 17 feet in front o' 'ie column. A fourth delle,',o. moaurement was made
betw,,n the front and rear center columns immediately below tee !,ottom chord )f the truss.

Figure 58 gives details of the deo ection gage locations.
Thtre were three time-of-break gages installed on each of the a-type structures, one on

each side of the center on the front wall, and one centered on the rear wmll. The gage wires

S R

SECRET



#~sms~wA-U Pail.,•"•---¢e*08#601"m -.op .be

Figure 58 Lorations of acceiev'ometer and d'flection pges.

A sow

UCTMN 

Coo-

Figulre 39 Locations of strain IPS&e mnd bridlpa

so

SlECRET



for the froant %aii *err mi~n hoi'rizntAiiy 6 feet abu'~evrazr-And jAid were 12 feet Iongý. The ig;W
wire lfor the rear %Ail %am run n a similar fashitin And was 20 'crt Imila. Ail threr I reak lawilE
were rect'rted fin the s"me channel. The ltwiling acceleration was measured by an accelfrom-
cis. 0iiLed off the cenlet rear itamatinai of tte 1, type- atru.tWres. This accelerometer was located
At the nmet jx ant oki the Project 3.1 A-1 Structure to measure its footing acceleration. Figure
58 lthozs the 1xisitioui tf the toils:nig act elerometer.

The 'rojirt 11.5 tt 111 AA% rinstrumented %ith nine pria~dsurr lzages. thi re in the fiont
%Ail. three an !hc top wall. tw,, in the rear wall, a~id tine ri a side wall. See Part 4 fair oetails.

A pressire .a.Ue in a daaac-taflle ard two q ,Agos wire' supplied uo make free field pressure
t-.easurenaenls. Ou' (.1 the ts q gages was oriented oath its axis At an Angle of 45 degrees (a)
A line from .tround tero.

V%-%amic pressure nivasuremerts avre riade %4h tf; gailes developed by Sandia Corporation
and ~urnished to the 1allistic Research Laixrartories oý the S(An~k-rd Research Institute. Blast
type pressure m-as&remnaetu utilized liiancito [nl~iaeering Company type 3PAD-H Pressure

vow a~,.% m
0411111111 met

wa I its 3m

OJ V

11i a

Figure60 Tim-of-brawsgge

Ge* s I e cc~ermeer Osed were Wink niern opr.tp A. Thede

the olum wit Duo ceent.Agtra iabe drying timbea gahe.ggswr oitr roe

wait a n li eerlotomehtpetr*osend wer, followed by a coatn Cof pry type Cor AD -T silcoede

fhe timecfbra gages woeas tp developed by BRL ant deconibted onRfearesitnce b4ride arramne

as nd-icamoent an tihree level Roin ad Roum (Sere eacisunted b9) aTohie stretchedge overe ple to
francblumidng int such aemann.Afer taa uithebreakring o thm hesidig weudrea mithewre. prooak-

ing the wire would cause &as unbalance of the resistance bridge and a corresponding voltage out-
put. The value of the three shunted resistors wad choisen so that the breaking of each wire
wrould Pi nduee a unique output voltage amplitude.

Prior to the shot, all gages were statically calibrated in conjunction with the intire recording
system in its field setup. Pressure and acceleration gages were calibrated by applying known
values of pressure aid acceleration and recording the outpuit. Deflection gages were calibrated
by using a simple analog converter tu simulate deflection. Expected values of strain were simnu-
Latted by shunting certain arms of the bridge with appropriste resistors. The time-of-break
gage was calibrated by aim lating the breaking of the frangible siding panels. All acceleration,
dispaLacement, and strain channels were calibrated In the positive and negative directions. A
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post twe signal to defined as that signal which is the initial output of the gage because of the ef-
fect 31 the blas on the structure or gage.

A.-% electrical calibration signal was provided at the recording shelter anld recorded immedi-
ately prior to both the calibration record and the shot record. The electrical calibration signals
were used to determine the drift of the recording system.

The rvcording equipment used was a multi-channel. marnetic-tape recording system. This
system joed the phase modulation principle. As many as 20 channels of data could be recorded
on a 3S mm m~gneuac tape. The recording system received its power from storage batteries.

An Edgerton. Gernorshausen and Grier (EGLG) blue box provided a zero time signal whiich
was recorded by each recording system.

During w!~ shot. FG&G remote -controlled relays operated the recording system iequence
timer which provided appropriate times an relay closures to operate the system.

In Laboratory tests. the error in making dynamic measurements with the multi-channel mag-
netic tape equipment had been found to amount to a maximum of * 6 percent. This error arose
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prnimarily from static sources, such as noise. drift, and cross talk. Under field conditions it
was expected that these errors might be twice as great, resulting in It probebe accuracy of the
dm14 of # 12 percent.

To utilize the data recorded on magnetic tape, the latter was ;llayed beckt along with the
appropriate calibration record and reproduced on oscitlographic pboo-srAwitive paper. To
determine the time dt o9rential, between the breaking of the frangible sidig and the arrival, 01
the blast wave. ft* tamea-cf-break record and a pressure record from the nestrest 9 gaKo on the
same recording system were played back simultaneously and displayed on the same oeclllcgraph
record.

RESU LTS

Teole 14 lists each channel instrumented by Project 3.5 together v~h remarks resulting
from examination of the records. Table 13 sitplalins symbles moold is Tabl 14. Those records

a
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indicated a3 partial re.ord. were records which appeared reasonable up to a certain time and
then became unusual in some rep--ct. Those records indicated as questionable were records
that had drifted out of the calibrated range or showed some anomaly that could affect the valid-
ity of the record. Those records indicated as fair record were records that were abnormally
noisy, or of low amplitude.

DISCUSSION

The bombing error on Shot Cherokee caused the loss of some strain gage chanre4s and in-
flienced the validity and utility of several other instrumentation channels. The lost or question-
able channels caused by the bombing error were due to the thermal energy and the shock wave
coming in from an angle widely different from that expected, and of a different magnitude than
that expected. The loss of the deflection gage records resulted from the corrosive effects of
the salt atmosphere on the gage wire.

CONCLUSIONS AND RECOMMENDATIONS

Eleven of the no record or questionable records of the Project 3.1 strain gage channels were
lirectly attributable to thermal damage resulting from the thermal energy coming In from an

angle widely different from that expected.
It is recommended th.t the BRL deflection gage should utilize a gage wire that is not effected

by the salt atmosphere when it .s used at the EPG.
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Appendix A
INSTRUMENTATION SUMMARY

A.1 STATIONS AND INtSTRUNIENTATION A.2 STATION LOCATIN

A gosal of 26 satioas were astmuwi!medm baar shots; The stslios tosio~ms, p1w distaft"es asamtwib
13 of the statome were Wereti'oecaUly recorded, NWd from paisld meMe b" and numbers of ppe used
IS wore' 'tos vehicle eautions. These uiiimad. to for the beamts, spheres, lcalel, sad )*es for each
all. 62 electronically recorded chammis acudbWa ae are iaolicaed in TaMes A.2 thraio A-L
.Wicate back-tV bsmaselssed fg Wthe WVF-3semam
54 &%~ effectve WWofa U12 ~~ and woe" local"d as A.3 VIRID LAYOUT
a tc~ul of I I Islas*e (three uma-68--de 4 I i the t"o atolls. TM aoU yw mScvre

Contractor empport was saw" in this cestrucuom of lise blast lA. iso show em t stir~aes A to A.2 A.. ad
mousta, recorft~ ofeiea.r sad cable ittchtrg. Also iTbeA1a hw aV~reA.A2 .,si
provided weet Mhe survey" vehcle poowtiemem - A.4
owavtie of Mhe COersthem Castle .19 structure samm is-
stremmmi shelter.

SECRET



TABLE A.! STATION AND INSTRUMENTATION SUMMAHY

Nur.bc, ol
Nube '.pc vi Gages or Numlwr oTf

S oations icnalra per Channels
S~taonsg Stsaton

Chrokee 4 WF B"aw. 2 16 Strain

Cherokee 4 Angle Iron 4 16 Strain
ChI% rokee 2 3-,n-dia. Spiheres 2 12 Strain

Cherokee 2 10-in-das. ih,.res 1 6 Strain

Lunt 1 6 x 6 x 12-ft 9 9 Waanckv Static
Structural Target Pressure

2 4 Dynamic Pressure
I I Pressure-Time

lung £ 1 ton Jeeps - -

LWcrosec I,* ton Jeeps - -

Yuma 4 ' ton Jeeps - - -

TAALE A.2 STATION LOCATIO-4 FOR SHOT CHEROKEE

Distancer Azimuth Type and Number of M-asurements

Stater Island from from 3WE 10-an. - 4ngle
Number Ground Zero. Ground Zero, S-ro

!Mrads Intended

ft dog min we

131.01 Able 12.000 247 24 36 2 1 - -

152.01 We 12.000 241 14 18 - - 1 -

153.01 Able 12.,00 !16 20 54 - - - 1

152.02 Man-Madi No. I 20,4be 105 51 31.2 - - -

Reef Isand
15202 Man-Made No. 1 30,455 105 52 06.f - - -

Reef lland

152.02 Man-Made No. 2 23.566 103 42 09.2 - - -

Reef Island

13&03 Mas-Made No. 2 23.966 103 31 33.6 - - 1

Reef Island

151.02 DoE 36.30 94 23 42 2 1 - -

152.04 Dog 3.W0 34 20 L2 - - 1 -

131.04 Dog 35.5f0 94 22 26 - - - 1
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TABLE A.3 STATION LOCATIONS FOR SHOT LACROUK

Distance Azimuth Type and Number

Number Island from from of Measurements
Ground Zwro Ground Zero Vehicles

ft deg mar. sec soa rot

154.09 Yvonne 2.500 154 40 44 1 1
1541 Yvonne 2,770 155 52 50 1 1
IS4.11 Yvonne 3.330 14? 16 4s 1 1
155.12 Yvonne 3.900 149 55 42 1 1
1$4.13 Yvonne 4,400 148 46 17 1 1

Sids-on orientaUlm.
Face-on orletatUon.

TABLE A.4 STATION LOCATIONS FOR SHOT YUMA

Station Disance Azimuth Type and Number
Island from from of Measurements

Ground Zero Ground Zero Vehicles

ft deg mln sec ." Iro t

154.05 Sally 10 12" 41 09 1 1
14.06 sally 250 1:4 S5 16 1 1
154.01 Sally 360 122 22 13 1 1
154.08 Sally 400 120 31 03 1 t

S ds-on orientation.
t Face-on orientation.

TABLE A.l4 STATION LOCATIONS FOR SNOT ZUNI

Dieetac Azimuth TMM and Number of Meaaurements
Number Island mrom tror Structural Tarle*g Vehicles

Gr(,und Zero Ground Zero Pte Pqt 80g FOs

ft deg min set

111 Unale 10,016 247 41 12 0 - - -

114.07 Roger ?,004 83 32 23 - - 1 -

154.01 Mager a,=00 84 3? 31 - - 1 1

154.02 Peter 100400 64 24 13 - - 1 1
154.03 Peter 11,700 62 35 02 - - 1 1
154.04 Peter 13,800 82 21 21 - - 1 1

114.01 Oboe 16500 82 30 24 - - I -
18.01 Uncle 9.,00 26? 41 12 2 1 - -

I1.02I Unele 9.40 26? 41 Z. 1 1 - -

*Presmur am*..
t Dynamie pressue uime.
t sids-o Orientation.
I raeo-ft orienation.
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Appendil 8
CATEGORIES of VEHICLE DAMAGE

The three 'auic catcglrieu -f damage fr vehicles are combat usel. txAnlsir a.0h-
defimed as fhiieft ,, aferenc" 21ý1 at,'r repair and r,'liacenun:t ,,

%rere dsm4r .8 that da€ma' ahich is sufficient to tI.nt wheel rrquar-o.

prortnt the accomnpash:iwnt of any aoeful military func- Field mainurnanci required
thi and the rilp ir AI wohich it oasentialt impossible (more than 1i% man- hoursb.

withlokt remwioal to a major ropair (.eciltit.
Moakrralt dama•e is that s.2mW' which is sufficient rat str sce frame -,r etat-er~ini

to %et v-l-t any military met until &)nw repairs art e- r@I-star ad frtm, *ar te
co'lumn' lmddit lint sit, As to

ntefnterfere with steri.
Lightdatu a•e ir t ol drae which d.tet con mslertous-

iY anterfr.e't with imnmedi ate miiitary, qperoitiors but ne- O.I Dpx4 naintrlnc'o- it'•,jire.d

cessitate a wme repair to rvat.)re the item to complete orelatavelyv minor'. L-iampi';

military uaehP•isae. entire bldw, and ingtrurrntls.

The numbered categories of damage O0. I.C thrm steering s•he•. sht ev-ra.
l.Ot are describe4 as loIllam: hood. and fue. tank c'rushed

Degm of Damag D___mqp Der2apuo and badly bent.

0.9 Depot mantenance re4uired

0.1 Broken glass only. (extensive). [xaumpleiti.

0.2 brobtot glass and beow parts. bdly bent and twista'ei. grill
Sad radiator bin-,- back around

t ,enm. carbur-tor b!ou n off.

9.o3 Vluele turned on mde. oper- shock abenrtwrs bent. •lut*ch

SLtAVV. Inoperat•ve.

0.4 Voeucl, rolled. opera"tve. 1.0 Ve'luile completely derstrovd

O.S aowme Imeidiate orgsiuaa.'-ma Iislva•l.

maistaeesnce roqw-ed before Sewerv. moderate. and iight damage "ere defined
usable as the 0.0. 0.$. and 0.1 points. respectively.

O.c .rield maantautmnce requred t

to 10 MaR-hoeur to restore W
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Defense Nuclear Agency
6801 Telegraph Road

Alexandria Virginia 22310-3398

SSTL ATA 14 September 1995

MEMORANDUM TO DEFENSE TECHNICAL INFORMATION CENTER
ATTN: OCD/Mr Bill Bush

SUBJECT: Change of Distribution Statement

The following documents have been downgraded to Unclassified
and the distribution statement changed to Statement A:

WT-1307, AD-311926 WT-1305, AD-361774
POR-2011, AD-352684 WT-1303, AD-339277
WT-1405, AD-611229 WT-1408, AD-344937
WT-1420, AD-B001855 WT-1417, AD-360872
WT-1423, AD-460283 WT-1348, AD-362108
WT-1422, AD-615737 WT-1349, AD-361977
WT-1225, AD-460282 WT-1340, AD-357964
WT-1437, AD-311158
WT-1404, AD-491310
WT-1421, AD-691406
WT-1304, AD-357971

If you have any questions, please call MS Ardith Jarrett, at
325-1034.

FOR THE DIRECTOR:

4 ,JOSEPHINE WOOD4ýChief
Technical Support
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